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SECTION IV. 
SLBCTBICRT. 

I. XUCCiaiCAL FBIMOMSMA IK OBMBHAL. 

§ 464. 

JSlsctsjcitv is the ctherial power which affects all our senses, 
and which produces the most varied results in its influence on all 
bodies wbaterer ; it is diffused thottghoot the globe, and resides 
in all terrestrial substances. As yet, it has not been asoertained 
whether its presence is confined to our planet, or whether it 
exists thougfaout the universe. 

Its presence is generally not perceptible in bodies, which are 
then said to be in a state of electncal quiescence. It is not, how- 
ever, to be considered as certain, that eiectricitj in this CMiditioa 
exerts absolutely ik> influence at all. 

§ 465. 

Eketrieity becomes sensible when this state of quiescence is 
disturbed, and the electricity is set free. Probably no diaoge 
transpires in the material world whtdi is not connected more or 

YOL. in. B 
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less iatimately with a disturbance uf tbU condition of repose, and 
an excitement of the electrie power to a state of aetivity. The 
principal causes of electrical ezcitement with which we ate at 
preaent acquainted, are the yWdion and coatecf of heterogeneous 
substances, change of Umpemim-e, the vital process^ the fmutum$ of 
the. atmosphere J the pressure and rupture of bodies, and magnetism. 
Philosophers are not imnniraous as to whether chemical ar^j'on and 
% c/iange in the ag(^r€</iilt' form of matter are capable of exciting 
electricity. The ordinary means of excitation employed are 
friction, contactf heat, and magnetism. According to the buurce 
from which it is derived, it is called fntdon skctricity, dedneitjf 
by contaeif tkermo-deetrieUjff and magweiO'deeirkUj^, 

Faiadajr has demonstrated, that the dectricity liberated hj 
these varions modes is essentially the same; that the source 
whence it is derived affects its operations mainly in this respect, 
that one method will i^ive us a small quantity of electricity of 
i^reat intensity, whilst another will yield a larger amount of ^ec- 
tricity, but of less intensity. 

§ 466. 

bodies in a state of electrical activity are said to be ekctrijied. 
The diflfinrent phenomena which they dbpky may be ranged un- 
der the following heads : 

1. ) MeiAanical phenomena, which are observable in the motions, 
or even in the disruption of other bodies. 

2. ) Luminous phaumumOf which are attended with a report 
more or less loud. 

f^.) Thtrmal phenomena^ such as the incandescence, fusion, and 
combustion of bodies. 

4. ) Chemical effects, cousistiug of the chemical combination 
and resolution of bodies. 

5. ) JPhgsiological phemomma, such as the production, of a 
peculiar phosphoric odour, a sensation as if fine spider's webs 
were drawn across the fiioe, an affection of the nerves of sight and 
taste; and lastly, a convulsive action of the whole nervous system, 
sometimes slight, at others more intense, and occasionally even 
mortal. 

6. ) Magnetic phenomena, affecting magnetic bodies, and im* 
parting magnetic properties to non •magnetic substances. 

^ The various exhibitions of this electrical power ilo not all 
occur simuitaneously, or with equal degrees €£ intensity : in 
many cases they are so feebly developed that instruments are 
required to collect and render visible the effects produced* 
For this feason, it was formerly thought that only certain 
substances possessed electrical properties ; with many of the 
phenomena of electricity we have become acquainted only 
within a comparatively short period. 
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§467. 

The electrical state of any body, whatever may be the canse 
%vhich has induced tiiat state, is estimated by the quantity ami the 
intengity of the electricity which has been called forth into action. 
Hie eWetricity liberated may be measured, and its quantity may 
be expressed by means of any electrical effect that is assumed as 
the unit of measurement* Its density depends on its quantity, 
and on the extent of the surface over which it is spread. If the 
quantities of electricity be equal, their densities will be inversely 
as their surfaces; t. e. if one surface be n times larger than 
another, then the density of the satoe quantity of electricity 

. will be ' til of that on the lesser surface* 
n 

§468. 

The deetrical state of a body may be merely tewyomi y , i,e» 
an eleetriiied body may, after the lapse of a longer or siiorter 
period, lose Its elertn'city, and resume its condition of electrical 
quiescence, when it will be said to have discharged itself. Tlie 
time required for this purpose depends on the nature of the 
bodies in contact -n ith the surface of the electrified body, and their 
readiness for acquiring its free electricity. Ail substances pos- 
sess the property of withdiaving the free electricity from any 
body with which they may be in contact, and appropriating it to 
themsdves ; when this is accomplished, they are said to be eledri- 
fied hy condueHon. According to the time consumed in this pro- 
cess bodies are divided into conduetorsy non-ctmduetorSt and bad 
conductors. The loss of electricity siistnincd hy ?iny electrical 
body may thus Vte measured; the means by which this is efiected 
we shall explain presently. 

Conductors are such bodies as become electrical instantaneously 
through their whole extent, when the electricity is imparted to 
them at any point of their suriace; they also part as quichly 
with the electricity they haye acquired, if one end be connected 
by means of a second conductor with the earth. Their eharac- 
.teristic property consequently is, that electrieitjf noy h€ readUy 
excited in thant and that when excited it is fretfy prepajfoied* 

The non-conductors are substances which possess properties the 
Ycrv reverse of those just described; i.e. they cany ott' tree elec- 
tricity but slowly when totichcd by an electrified body, or if their 
condition of electrical indifference is disturbed at any one poinr, 
they become electrical at that point only; and if their whole 
sur&ce be excited, and they are then tooebed by some* con- 
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ductor connected with the ground, they part with their free elec- 
tricity only at the point of contact. Tlieir characteristic is, that 
theif retain free electricitg for a Ungth of time, and that they check 
'it$ motion. 

Hence good conductors can be electrified only when tlie free 
electricity they contain has no opportunity of escaping to the 
•earth. To e^t this we cut off their connection with it by 
supporting them on some non-conducting substance: when tbua 
titualed they are said to be insulated. 

It was formerly thought that none but the non-condaetors 
could be electrically excited, and that no other bodies pos- 
sessed electricity ; hence the name of electrics given to the 
former, and non-dtctrics to the latter class of substances. 
Between these two extremes there is a large class of indifferent 
conductorsi the time required by which for the transmission of 
electricity is so considerable as to admit of its being easily mea* 
sured, A strongly defined line cannot be drawn between these 
three classes of bodies; neither does there exist any such thing as 
a perfect conductor, or a perfect non-conductor; but the con- 
ductors, arranged in the order of their conducting powers, descend 
gradually to non-conductor??. 

Experiment and observation have shown that free electricity 
attjiches itself variously to these bodies ; that in the conductors 
it is accumulated only at the surface; but in substances of low 
conducting power, when subjected to powerful electrical in- 
fluenccfli, it penetrates to the interior, and is firmly retained. 

$469* 

Our earth is the universal conductor to which all the free 
electricity ftcm other bodies tends to return. The prindpal 
conductors are those metals which have a legular structure ; then 
well burnt charcoal and graphite (bJack-lead) ; next the earths ; 
then most of the salts and many liquids, both in a fluid and 
vaporous form. Among the liquids, the acids are distinguished 
for their condnctinj^ powers ; next come the afpieous solutions 
of the acids and salts; and last of all water itself. All other 
solid bodies become conductors when moistened or damp ; hence 
all animals and vegetables are conductors. Lastly, flame, smoke, 
and vacant space are conductors. 

On observing the list just given of the best conductors of 
electricity, it will be pefceived that many of thenit especially 
-among the solids, are ^so good conductors of heat 

Among the noii-eomlHddrt are to be reckoned all kinds df 
glasi^ the precious stones^ particularly the diamondy the metal- 
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loids, espedaUy sulphur, all the metallie oxides, and the alkalies 
and eartbSi when perfectly dry ; the combustlhlc minerals, with 
scarcely an exception ; to this class, too, belong all kinds cf hair, 
itidian-rubher, wax, dry vegetable products, as sugar, gum, dry 
wood, cotton, (Sec; the fatty oils, a*ther ; all animal coverings, as 
hair, skin, featliers, the webs of spiders and caterpillars, nlk, raw 
and spun ; ice, in proportion to its coolness ; all dry gasses, in 
proportion to their density ; and lastly, perfectly gaseous steanu 

Of the different non*eondueting substances enumerated above, 
slielt-lac is the one whieh insulates most completely ; but glass is 
the body most generally used. The atmosphere is the most 
widely extended, and the most important non-conductor. Had 
the air been a conductor, the phenomena of electricity would not 
have been visible to us. It is worth noting, that its condticting 
power increases in proportion to its rarity and the quantity of 
aqueous v.ijiour it contains. 

The principal substances of mean amducting potter are paper, 
parchment, wood, horn, bones, ivory, marble, alabaster, and 
several other stones, when situated in the open air» and in their 
ordinary state of dryness. 

§471. 

Tlie conductlnrj power of bodies, or the readiness with which, in 
a given time, they transmit through their mass a certain quantity 
of free electricity, is an important element in the results brought 
about by tliis agent. It varies not only with the suh^t;mce of 
a body, but also according to its dinieiisions and temperature. 
It may be remarked generally, that silver and copper, among 
the metals, have the highest conducting power, whilst lead 
and quicksilver have the lowest; that among liquids the 
highest rank is filled by nitric and sulphuric acids, and the 
lowest by water and alcohol ; further, that the conducting power 
of all bodies h weakened by increasing their length ; that its 
intensity is increased by enlarginir their transverse dimensions; 
lastly, the conducting power of metals is weakened by raising 
their ttniperature, but that it is increased by heating all utlier 
bodies, and especially liquids; nay, even some substances wliich 
* are non-conductors in the solid form, acquire a very considerable 
conducting power when fused or melted. 

TTius Sir H. Davy fimnd that glass rsised to a red^heat, 

melted seeling- wax, pitch, amber, shell-lac, sulphur and wax 

became good conductors. 
From the difference in the conducting powers of bodies arises 
the difference in the resistance offered to the conduction of elec- 
tricity ; or, as liiess terms it, the ih viriral retard i/h/ force. It 
diminishes the electrical influence in the same proportion as the 
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propajpitiofi «f the free deetrieitj it letarded ; and aeeordlng to' 
experiments nude to determine this matter, tliii resistance and 

loss of power are inversely as the condtieting power. The 
different intensity of certain electrical effects, measured hy some 
standard unit, j^ives us the means of expressing, in numerical 

values, the conducting power and the resistance offered in dif- 
ferent bodies. The manner ia which this is done will be ex- 
plained presently. 

Most philosophen have anumed the existenee of a peculiar 
deetrieal fluid as the cause of the Tarious electrical phenomena 
which present themselves to cmr notice* In more fully explain- 
ing the properties of this fluid, there are two principal theories 
propounded, the one supposing that there is but one, the other 
that there are two electrical Jiuids. 

The first of these hypotheses was proposed and defended 
by CEpinuji and Franklin ; the latter hy Symmer, The 
greater number of electrical pl iLMiunu iia may be .satisfactorily 
explained by either theory ; the secoiui has, however, been 
embraced by the greatest number of electricians : by it we 
shall explain the different electrical phenomena* 
According to Franklin*s view, the particles of this electric 
fluid are repulsive to each other, but are attracted by all bodies, 
and when combined with them, they lose their repulsive tendency 
towards nnc another. All terrestrial bodies contain this matter, 
but their capacity for it varies ; when any substance contains that 
quantity which answers to its capacity, no electrical action is 
observed, and the body is in a state of electricai indijference ; but 
it tlie iiuid be ia either redundancy or dehciency, this quiescence is 
disturbed and the body is electrified. When the fluid is in excess^ 
the body is said to bepositiM^ electrified ; when it is deficlenty 
it ia jM^oCtec^ electrified* A body may therefiire be diectrified, 
either by adding to its eleetririty, or by subtracting from it ; or 
lastly, by the fluid, which was previously distributed equally 
thron^rhniit it, being accumulated in one direction, so that a 
redundancy is created in ono part, whilst a defiriency exists in the 
other. Hudies positively electrified have a tendency to give out to 
other bodies the excess of their electricity; those which are 
negatively electrified endeavour to withdraw tlic liuid i'roiu utliers, 
to supply their deficiency. 

If this view be adopted, the operations of electricity will 
be fi>und closely to resemble those of heat 
According to the other liypotbesis, all electrical phenomena re- 
sult from the action of two electrical fluids diffused throughout the 
universe. These fluids are assumed to be extremely rare, impon^ 
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derable, and expansive in the highest (^ec^ree. The pnrticlc*; of 
each, by virtue of this last-named property, mutualiy repel each 
other, and in this respect the two fluids are perfectly equal. The 
particles of the one iiuid are, however, supposed to have an 
aftttaetiob fi>r thoeeof the other; they therefore combine when no 
obstaele stands in the waj, and « when united in eiacdy equal 
quautitiesy they lose their eipansive force. To one of these fluids 
has been given the appdlatkm of pott/ire e£0dyteily,+ £ ; to the 
other that of Mj^allM^— £ : they are both antagonist electricities^ 
, and this opposition is termed their polarity. If both the fluids 
exist in equal proportions in any body, no electrical action 
happens ; but the body is in a state of quitscenre, which is ex- 
pressed symbolically, thus + E, or 0 K, A body is pimtirelr/ 
eUctriJied, either by imparting to it some free + E, or its condition 
of indifirenee b disturbed by withdraving from It a portion of 
its — £ s it is m^ffoHvelj/ eieetri6ed if the converse happen. A 
body may appear eleetrical on two opposite sides ; for one may 
have positive and the other negative electricity. This electrical 
state obtains, if a portion of its neutral electricity be resolvedi 
so that the positive ck>ctricity is accumulated at one e's tremity, 
and tlu' negative at the other. If the cause censes which excites 
this disturbance the iiuids again combine, and the body is restored 
.to a state oi" quiescence. Lastly, accordin<^ to this view, all 
electrical phenomena are owing to the tendency ot tlicsc auta- 
gonist fluids to combine in equal quantities, and in the property 
of their pattiele8» mutually to repel each other ^and neutralise 
each other's efleets. 

Whatever may be the cause of the various electrical pbeno* 
mena, we must regard our earth as an inexhaustible storehouse 
of electricity. It is in a manner a p^reat reservoir, from which the 
fluid issues, or may be procured in various quantities, and to 
which it again returns from electrical bodies on its sur&oe. 

§ 473. 

The states in which the free electrical fluid exerts its force are 
two; namely, the state of equilibrium, known as the electrical 
tension^ and that of motion, when the two antagonist forcesarein 
the act of combining; this is called the eltctrical current. From 
the foriuer state the primary, and fiom the Jailer the secondary, 
effects of the electrical force derive their origin. 

§ 474. 

The electrical tension consists in the tendency of the free posi« 
tive and negpttive electricities to regain their state of quiescence 
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by combination each with its antagonist. This tendency is the 
more fincible the sreeter the inteiinty of the ftee deetrioltj, 
( § 467.) The fuadamental eflfeet produced by thit tendency is 
the attraction of all such hodiei at, by parting with their own 
electricity, would contribute to restore the slate of equilibrium. 
Hence electrified bodies attract all other non-eleetriiied bodies* 
and endeavour to saturate themselves with their opposite elec- 
tricity. If the attracted body does not possess the requi«te 
quantity of the fluid to saturate the attracting body, tlien the 
overplus of the free electricity is imparted to it, so that both 
bodies display an equal tension, and the body just now attracted 
is repelled. For similajr reasons, every dedrified body attnwts 
to itself all oppositely electrified bodies. If they both contain 
equal quantities of opposite electricltiesy they saturate each other 
on contact bong established, and both acquire a state of electrical 
indifference. If the quantities of the antagonist fluids are unequal, 
the bodies continue electrified after contact, and they both contain 
the electricity of that body, which, before contact, contained the 
largest amount of electricity. All similarly electrified bodies 
will repel each other, because the particles of the like electrical 
fluids exert a repulsive force against each other. 

From a consideration of these phenomena, the fi>llowiog law 
of electrical attraction or polarity has been deduced : — Like 
eUdrieitiei ( + £ and 4> £» and— £ and-* £) npd each oiher ; but 
unlike ( + £ and<-£) attract ; and if the quantities of distimUar 
electricities be exactly equal, they neutralise each othtTi that is to say, 
t/iff/ bring ahont the state of electrical indifftrmre (0 E). This 
lau of electrical polarity bears a striking resemblance to that of 
magnetic polarity. (See § 437.) 

The state of electrical tension may also be recognised by certain 
physiological effects, viz. a peculiar phosphoric odour, and a 
sensation as if spiders* webs were being drawn across the fice. 



§ 475. 

The principal effect of tension, \i7. attraction, is exerted in a 
radiant direction from an electrified point or ball, and its intensity 
decrea.*ies with the distance. By iiieaos of an apparatus, the 
construction and use of which we shall describe hereafter, Cou» 
lomb fiound that the law of forces acting from a centre was 
confirmed in this case, and that the intenrity of these polar forces 
decreased as the square of the distance increasedt L e. at double the 
distance the intensity would be one-fourth ; at three times the 

distance, one-ninth ; at n times the distance, -L of what it is at 

a 

the unit of distance. 
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§ 476. 

The state of tension becomes cooTerted into one of motion, or 
an dedrkai current is generated, if an opportunity is presented to 
an electrified body of eonabiDing with its antagonist eleetrieity. 
This condition is fulfilled by establishing an imnudiate contact 
between the former body and one oppositely electrified ; or, by 
connecting the two by means of a conductor ; or, by connecting 
one of them with the earth. Under any of the arrart!!:eraents 
just named, the dissimilar fluids rush together and neutralize 
each () tiler on the passage ofifered them by the conducting 
mediuui. li two courses are presented to the fluid by which it 
may make its exit, it will select that where it meets with the 
least resistance, and if the conductors be equally good it wfll 
select the shorter. 

The time that a current of electricity will last, depends on the 
retarding power of the conductor, and on the quantity of the 
fluid to be discharged ; If this be hut small, and the cause which 
induced the state of tension be merely temporary, the duration 
of the current is not appreciable in a o:oo(l conductor, and the 
current is said to be momentary or instantanemis i it, on the con- 
trary, the cause by which the tension is brought about continue 
for some time in operation, the current will be maintained so long 
as free electricity is generated and the current is said to be per* 
manmt. The momentary current is generally eicited byi mo- 
tional eleetridtjr, and the permanent by electricity by contact, by 
thermo-electricity, and by magneto-electricity. 

The effects produced by a current of electricity arc various. 
A momentary current, from a high degree of electrical tension, 
generally displays Itself in intense luminous phenomena ; in the 
disruption, combastion, incandescence, and fusion of bodies ; in 
the violent convulsions of the nerves, it aUo produces feeble 
ehemical and magnetic influences. A permanent electrical current, 
on the contmry, is marked by its powerful chemical influence, by 
an intense and permanent excitation of heat, and lastly, by its 
magnetic properties. The permanent electrical current exerts a 
less intense luminous influence, and acts slightly on the nervous 
system. 

The explanation given above is based on the theory of two 
fluids which are supposed to move towards each other. Ac- 
cording to Frankliirs hypothesis, it is only the positive elec- 
tricity, or tlie excess of the fluid in the two bodies, which is 
in a state of motion. This excess he supposes to go over Into 
the negative body, t. e, into the body which has less than the 
normal quantity of electricity. 
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§ 477; 

The velocity with which a current of electricity travels is 
greater even than that oi light itsiilf. Wbeatstone, in an experi- 
ment, which will be descried hereafter, estimated it at 288,000 
miles, being half as great again as that of light This is the rate 
at whieh it travels in eopper wirc^ whether its Telocity Is as 
great in other conducting bodies has not yet been asoertsined, 

§ 478. 

Electrified bodies also effeet a resolntion of the neutral elec- 
tricity in unelectrified bodies into its elements ( + E and — E)» 
when the latter are brought into proximity to the former. Hie 

distance at which the body originally electrified exerts this iti- 
fiuQucQ i& Uirmed its electrical atmosphere. This electrical excite- 
ment varies as the exciting body is in a state of tension, or is 
emitting a current of electricity. In the former case, bodies 
brought within the sphere oi its intlucnce are themselves put into 
a state of tension ; in the Utter, they discharge their electricity in 
a stream. The unelectrified bodies thus .put into a state of 
electrical activity recover their origiofi} quiescence as soon as 
they are removed beyond the atmosphere of the exciting body. 
The electricity thus excited is said to be induced, and the proee^ 
is called electrifying by tfidvction. The special phenomena ex- 
liibited by induced electricity will be noticed in the course of 
this section. 



II, raicTioKAL xucTBicirr* 

A. Fundamenial Effects and Phenomena of Frktiontd 

§ 479. 

When two dissimilar substances Hre rnhbed together, they are 
both brought into a state of electrical tension, conductors be- 
" coming electrified throu^liout their entire surt'aee if insulated, 
non*conductors becoming so only at tiie parts subjected to friction. 
If one of the bodies be a non-conductor and the other a ccnductort 
and the latter be connected with the ground, the Ibrmer will be 
rendered susceptible of a more powerM tension. The electrical 
condition of these bodies may be most readily recognised by 
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their attracting and repelling unelectrificd bodies, A faint lumi- 
nous appearance will also be vi5?ible, and the physiological phe- 
nomena described above 474.) will be observable, but in a low 
degree. The following experiments will illustrate these pheno- 
ineiia* 

Fhnt Bxpt, Rub a glan lod^ or a sCkk of tealing-wax, 
with a woollen cloth, or with a picee of silk^a few time^ and 

you will observe : — 

1. ) Both the non-conductors which have been rubbed at« 
tract small pieces of paper, feathers, or similar light sub- 
stances, and then repel them. The same may be seen by 
suspending a pith ball by » silk thread and presenting it to 
the electrified body. 

2. ) If the knuckle of your hand, or a small brass knob, be 
offered to the surftce of the bodice you have rubbed, a suap 
will be heard, and if the room be darkened a small qpark 
will be visible. 

S.) If the glass rod be large enough a aenaation will be 
felt as if spiders* webs were drawn acron your Uuoeon 
bringing the rod before your eyes. 

4 ) Place the glass rod under your nosc, and you will 
perceive a faint smell like phosphorus. 

As the substances named in this experiment are non- 
conductors, these effects will be perceptible for some time, 
even though they may be touched in several parts of their 
aurfiiee. (§468.) 

Seetmd E^epL Hold a metal rod in your hand and rub it 
in like manner ; none of these phenomena will be produced 
by it. The metal when grasped by the hand is not insulated, 
the electricity elicited is conveyed by the body of the ope- 
rator to the ground. (§ 468.) The same remark holds good 
with regard to any otlier conductor ; for whicii reason, these 
substances were long considered non-electrics. 

But if a metal rod or plate be insulated, by fixing a glass 
handle on it, friction will render it electrical ; if any point 
of its surface be touched, it will at once part with its firee 
electricity, because of its conducting properties. (§ 468.) 

* Third Expt, To prove that both the bodies are electrified 
by rubbing them together, we must next offer some ex- 
tremely light substance to the cloth or silk with which the 
rod of glass or sealing-wax has been rubbed ; even then, per- 
haps, its electrical properties may not be evident. To verify 
the existence and to measure the intensity oi these we must 
use some one of the delicate electroscopes which will be 
described in the succeeding paragraphs, or dse the rubber 
must be so arranged tbat the electricity set free by the fric- 
tion may accumulate itself on a conductor* Fig. 149. repre*. 
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sents an apparatus con« 
Fijf, 149. trWed tot tbit purpose. 

It eonttsti of a piece of 
^ « wood, in shspe sonaewlist 

»CX ^iJbt^^ZZ^^ resembling a bat ; on one 

side of which, a 6, some 
stri]Ts of cloth are fastcnec^. This is then covered with a 
piec e of tinfoil of eqnn! Ii nn;th and breadth, over which is 
placed a piece of soft calf 's skin or linen, contod with some 
of the amaigani described in § 482, and then a piece of silk 
is strained over the whole. At one end of the rubber is 
placed a metal knot) 0» eonn^eted with the tinfoil, and in« 
tended to receive the eleetrieity set free in the rubber; at the 
other end is a glass fiandle g, by which the instrument is 
held. If the cushion be rubbed with a glan rody the knob « 
will immediately be electrified. 

The attractive and repulsive properties of amber, i\(KTpov, 
when excited by friction, were (ilscovprcd at a very remote 
period, and for a lon^ wliile this was ail that was known 
concerning the nature of electricity, it was not till tlie year 
1600 that the same peculiarity was observed in other bodies, 
and ibr more than another eentury the seienoe of eleetrieity 
thus remained in a state ofinfiuu^. In the course of the 
18th century it was gradually elevated byseversl men of 
science to an important rank in physics ; but the most rapid 
advances have been made during the present century, and 
indeed during the last ten or twelve years of it. Since the 
discovery of electro-magnetism the most distinguished philo- 
sophers have laboured to carry out these recent discoveries, 
and to place on a linn and scientific basis a tlieory by wiuch 
the varied phenomena of electricity may be satisfactorily ac- 
counted ibr; the completioii of this object still remains to 
be acoomplidied. 



§480. 

Very often the electrical tension excited in a body Is of so 
feeble a character, that its existence is not indicated by any of 
the effects yet described. In sutl* c I'^es we are compelled toliave 
recourbe to a class of instrunjents called electroscopes^ or flectrO' 
meters. The former merely show wiien a body is in a state of 
eleetrical tension> and what species of free electricity it possesses, 
whether positive or negative ; the latter enables us to measure the 
intensity of the tension. They act in obedience to the universal 
law of electrical polarity (§ 474.)^ their most essential part Iwng 
some good conductor, which moves very readily as i^ is attracted 
and repelled. They may divided into the following dasset ac- 
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cording to the mode of their construction:—!.) elect ro^i'opes 
in which only one moveable^ light, and insulated comluctor is iirst 
attracted and then rcpelLd; 2.) electroscopes in M hich two such 
cuuducturs repel eacii other alter they iiave been impregnated 

with the electrieity of the body under investigation ; 3.) thooe in 
whieh only one of the condueton mo?es w it is attraeted and re- 
pelled by the 6xed one; 4*) those in which a moveable insulated 
conductor is placed between a pontively and a negatively elec- 
trified body, so that when it has acquired the electricity of the 
body under examination, it will be attracted by tluit which is 
dissimilarly electrified. In all those instruments which arc in- 
tended to serve as electrometers there must be a scale on which 
to measure the repulsion and attraction of tiie conducting body 
that acts as an index of the electrical tension, and by which we 
may be enabled to csleulate the intensity. 

The eleetrosoopes of the first class in most common use 
are the following The deeirieal puMum (Jig, 
150* 1 50. ) consists of a small pith ball, suspended by a 
silk thread. This is a very simple, but not a very 
sensitive apparatus. Hauy*s electrical needle {Jig. 
151.) is very much like a common variation 
needle balanced on a point ; at one end of the 
needle a small pith ball is fixed, that portion of it 
which curries the ball being of glass, whilst the 
other half, which serves as an equipoise, may be 
made of copper. This apparatus Is much more 
sensitive than the other» and is well adapted to show the 
fundamental effect of attraction and repulsion. 

The foUowing instruments belong to the second class 
of electroscopes^ and admit of bong used as electrometm 

JFfy. 151. JFt^. I5S. 




Cawdto*» cork or piih-haU tUdromHer consists of two balls 

of cork or pith fastened to two verv fine wires, which are 
attached to a conductqr that conveys the electricity to them. 
(See figA52,) 

i'^oitas straw electrometer is exactly like the preceding, 
only that 6ne straws are substituted for the wires employed 
in Cavallo^ electrometer. 

BmmU"$ gold-kaf ekctrmmkr it nmihurly eonstructed, bat 
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Fig, 15S. 




the pendulums are in tlils case made of two fine strips, about 
two lines in width, of gold leaf. (See^^. 153.) 

To protect the peDdulumt of all these 
deetrometen hom, currents of air, thej are 
enclosed in glass cyHnders, through the lids 
of which the conductor that they are fastened 
to passes ; by this means the conductor is 
insulated. To mea<»iire the degree of repul* 
sion that obtains betwoen the pendulums, a 
graduated scale is attacliod, as is slioun in 
Jig. 153. We may observe, that of the tliree 
electrometers last named, the first is the least 
sensitive ; the last is so delicate as lo mark 
very low degrees of electrical tension. 

To the third class belong, among others, 
Henhy'a quadrant electrometer^ Brande*9 ttrw 
^ctrometer, and CouUmVe torsion electrometer. 

Henley's quadrant clrrfrometfr was first made in 1 772 ; it 
serves to measure the repulsive force of powerful electrical 
tensions, for which reason it is commonly used with elec- 
trical machines. It consists {Jiff. 154.) of a vertical rod, of 
brass or wood, on one dde of which is agradu* 
ated quadrant ; from the ccntse of which a fine 
wire is suspended, carrying at its point a ball of 
cork or pith. The more powerful the tension 
which is transmitted along the conductor, the 
greater the arc tiurough which it will repel the 
ball. 

Brande's atraw dtclrometer is a very con- 
venient instrument for maiiy electrometrical 
experiments. It is represented iu Jig. 155. It 
consists of a copper wire, c d; about S lines 
thidc and 8' inches long, which is insulated by 
its being fiutened in a glass pillar, ah. To one 
end of the wire is fixed the ball 
c, to conduct the electricity; 
the other end, d, branches off 
into a fork, and is furnished 
with two little sockets, c?, to 
receive the axis on which the 
straw, g A, turns ; de is a ver- 
tical eonductor, terminated at 
in a short metal cylinder, against 
which the straw rests when in a 
yertical position ; e i' cf is a gra* 
duated glass quadrant, the zero 
being at e. The straw, ^ A, is 

the electroscopic substaace^ whose axis at d is so contrived 




F%g, 155. 




Diyiiizeo by Google 



coulomb's and 0ERST£D*S TOESION BALAMCX8. 



15 



that it may slightly preponderate, and in a state of rest take 
the vertical pontion d A, and move freely about its axis io a 
vertical plane. 

CouUmb*s tonion balanee is an instrument wbicii has 
been already described at length in § 92., and a diagram was 
given of it in Jig. 36. vol. i. To fit it up for electrical purposes 
the borizontal needle bd should be made of a thin thread 
of shell-lac, carrying at its extremity, t/, a small gilded pith 
ball. At the zero point of the graduated scale, a copper 
wire enters through the glass cylinder : this wire is also pro- 
vided with a pith ball, gilded, and of the same size as the 
otber ; both balls toueh when the torsion needle is in a state 
of eqtiilibritun atO. Now» to measure the intensity of an 
electrical tension* the electricity to be investigated is im- 
parted to the last-named conductor, by which means the ball 
<l acquires the like electricity, and is consequently repelled 
by that of the conductor. The intensities of two electrical 
tensions may be compared and expressed numerically, if 
their resj)ective angles be observed, and the calculation 
performed as shown in § 92. A small gilded Imll, or a little 
roll of gold leaf, fastened to a stick of shell-lac, will be 
found convenient for transmitting the electricity to be ex- 
amined to the ball of the conductor. 

By means of an electrical torsion balance, Coulomb dis- 
covered the law already given in § 475., respecting the 
decrease in electrical intensity. 

This instrument is .a verv accurate measurer of electrical 
forces: it has accordingly been much used by Faraday in 
his researches. The student will find great care and accuracy 
necessary to obtain correct results m measurements of so deli- 
cate a character. 

An apparatus in many respects resembling the electrical 
torsion balance was constructed in 1841 by Oersted ; it was 
subsequently modified by Dellmann. Fig. ISS a, presents 

a sectional view of it. aftcif is a cop- 
per wire which acts as a conductor; 
it is insulated between 5 c, in a glass 
tube: a glass or ivory end fe stands 
exactly opposite that portion erf of 
the conductor which rises above the 
foot of the instrument From d to e 
there runs a thin strip of copper or 
ttlver about { aline in width, connected 
with the conductor de at d, but in- 
sulated at € with gum-lac The 
electroscopic substance, whose motion 
is to show the electricity conveyed by 
means of the conductor to the strip of 
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metal, is a fine copper or silver wire, 
Fig* 156 6* ghii about 2 inches in length, but in 

such a manner that one half gh lies 
on the rif^br, and the other half At 
on the left side of the strip of metal. 
(See the correspunding letters in 
Jig, 156.6.) This index is attached 
to a thread hi^m the glass cylinder ee» 
which being fixed in the loot of the 
apparatus senreB also to cover it. The cylinder ii closed at 
top with a lid wxt in the middle of which is a hole to receive 
a cork «, through which cork the wire vt h passed ; to this 
the thread is tied that supports the index. Now, to give the 
index the position described above, and at tlie same time to 
iiiiparl tlie least possible torsion to tlie thread, the wire vt is 
drawn a little way through the cork, so that the needle can 
revolve about the metal strip. If the torsion be thus an* 
nihilated» the wire v( is again depressed till the arms of the 
index stand exactly in the middle of the strip dt. To give 
the desired position to the arms of the index, turn the screw 
o to which the wire is fiistened. The whole apparatus is 
then, by means of three screws at bottonit to be placed in a 
perfectly horizontal position. 

As soon as the electricity is conveyed by the conductor to 
the metallic strip rfe, the cleetroscopic needle ghi is repelled 
on both bides. To mark the amount u( its decliaatiun, and 
the consequent intensity of ihedeetrieity,thereis a graduated 
&[^pq {Jigs- 156 o. and 156 6.X one line below the strip 
d€. Thb circle is made of parchment or eardboard, and is 
attached (and at the same time it is insulated) to the metal 
by two drops of shell-lac or gum*lae. When the apparatus 
is not in use, this eirele serves also as a place on which to rest 
the needle. 

This instrument is extremely sensitive to low degrees of 
electricity. Its delicacy may be heightened still further, if 
we avail ourselves oi" the inductive influence ol electricity, in 
a way tiiat will he explained in § 4 86. 

To the fourth class of electrometers there belongs only - 
Sohnmberger^t (improved by Becqu^rel) leaf electro- 
scope. The principal parts of this instrument, as improved 
by Becquerel, are the following: «a6^^^. 157., is a small dry 
galvanic pile of from 500 to 800 pairs, about a quarter of an 
inch in diameter (§ 508.); when the plates are pressed 
together, such a pile will be from 2 to 2^ inches in length. 
The wires, which are bent so as to stand above the pile, 
terminate in two plates p and m, winch are the poles of the 
pile. These plates, which are 8 Inches by | an inch, are parallel 
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Fiff» 157. and opposite to eaeb oUier. It is coo* 
▼enient Ibr their opposite sides to he 
slightly oontex, Ibr tbcm to be gilded or 
eoftted with platinum, and for them to 
run on the polar wires, by the latter !>eing 
made to pass through a small liole in 
them. One of these plates will always he 
in a state of -r and the other of — elec- 
tricity ; between tiiem suspend the very 
fine gold leaf c/y, which is attached to 
the ccmdiietor edof copper wire. If the 
leaf hang exactly between the two plates 
it is equally attracted by each, and will 
therefore he in a state of repos& Tlie apparatus sliould be 
protected by a bell-glass, fitting exactly, and having an 
opcninnrat the top through which the copy)er wire rd passes ; 
the wire, however, is insulated by its heinj^ contained in a 
• glass tube, which is made to adhere to the hell-gla^s hy 
means of a small portion of shell-lac or L'nni lac. Screw on 
a metal hall or plate to impart to it the eleciricity you wish 
to test, which will be conveyed by the copper wire to the 
gold leal^ and the latter will immediately move towards the 
plate which has the opponte polarity. This electroscope is, 
b^ond doubt, one of the most delicate ever constructed, and 
is well adapted to show small quantities of + and —electricity. 

To ensure the susceptibility of electroscopes and electro- 
meters placed under hell-classes, precautions should he taken 
to render the air they contain as dry as possible, which may 
be ettected by inclosin*^ in a suita))le vessel a little melted 
chloride of calcium beneath the gla^^s. 

§481. 

In the experiments described in § 479. to illostrate theftmda- 
mental properties of electricity generated by fiiction, the kind of 
electricity excited was disregarded ; but if now we examine more 
closely, we shall discover that many substances by friction are 
positively electrified, others negatively, and many both positively 
and negatively : further, that of two hoilics rubbed together, the one 
will invariably acquire positive, and tlie other negative electricity. 
To determine wliether a body has f or — cicctricity, it is necessary 
that we should have some substance whose electrical state is 
known ; glass rods or sticks of sealing-wax are most commonly 
used for this purpose. The electricity acquired by the former is 
called posUive or vitreous deetricifi/, tliat set free by the other 
negative or ruinous electricity ; it is hardly necessary to observe 
that the application of the terms positive and n^^tive to these 
two kinds of electricity is purely arbitrary. Agreeably to the 
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law of eleetrical polarity (§ 474. that like eleetridtitis attiacty 
and unlike repel, we may easily ascertain of which kind the 
eleetricity dmy particular body is, by bringing it witbin the in- 
fluence of some substance whose electricity i* known. This we 
shall [proceed to illustrate in the following experiments: — 

First Expt. Electrify two pendulums ( 150.), or two 
needles ( A /. 151,), by mcaiiij of a <^lass rod, whleh you have ex- 
cited by friction with a piece of silk or cord j they will both ac- 
quire the + electricity aet free in the glass; it wUl accordingly 
repel them, and they will become r^ulrive to each other. 

If we use a stick of tealing'*wax uustead of the glav rod, 
preeiaely rimilar phenomena will be obcerrable^ but in thb 
case the electricity will be 

Thus wc have experimentally proved that similarly elec- 
trified bodies repel each other. 

Secojul Expt. Impregnate one of these electroseopic 
bodies with the + electricity of the glass, and the other with 
the — electricity of the sealing-wax ; the former will be 
attracted by the negative sealing-wax, and the latter by the 
positive glass lod, and the bodies themselvee will be mutually 
attractive. 

We have now verified the second part of the law of 
polar forces, that unlike electricities attract. 

To test the character of the electricity which is liberated 
In bodies that are in a state of but slight electrical tension, 
we are obliged to have recourse to a more delicate electro- 
scope than either of those referred to in tiie two preceding 
experiments. The most convenient is Becquerel's pile 
electrometer, {Jig. 157.), which shows both the quantity and 
the kind of the electricity. In other electrometers we are 
obliged, fii8t» to impart to the electrical bodies the electri- 
city of the body under investigation, and then to test them 
by means of an excited glass rod or stick of sealing-wax. 

l^hird Expt. Rub a glass tube on a piece of woolly 
cloth or silk, rolle l up tight, and the irlaf^s. if tested by an 
electroscope, will he found to be + ekc ti ilk cl, and the woollen 
cloth or silk to be — . These substances haw therefore ac- 
quired opposite electricities. It will be found convenient to 
wrap the silk or flannel in folds over a piece of wood in the 
shape of a bat. 

Fomrtk Expt, Rub a glass tube up and down the rubber 
just described, and you will find boUi the flannel and the 
silk — electrified ; substitute a Stick of sealing-wax for the 
glass, and the electricity will be + . 

Rub a smooth <r1:<ss rod with the hand, and it will become 
+ electrified : but ii its surface be rough, similar treatment 
will render it —electrical. 
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Tliftse experiments prove that the same substance may, by 
friction, acquire both + and — electricity. 

Fifth Expt. Plates, about 3 Inches in diameter, either of 
the substance to be examined, or of some other material on 
which it can be spread, will be found very convenient for 
determining^ tlie electricities iiberated on riibljiiii;- two sub- 
stances together i the plates must be insulalcd by means of 
glass handles. After they have been rubbed together, the 
plates are to be separated; and if offered to a delicate dectro- 
meter, it will be found that one of them is + and the other— 
electrified. 

Several eminent men of science have endeavoured to discover a 
law, by which we might know beforehand what would be the 
electrical condition of any two bodies when rubbed togt'tber. 
The follownicr t'iIcs seem generally to be observed with regard 
to non-conductors : — 

1 . ) The hardest substances appear to be especially susceptible 
oi positive electricity. 

The diamond, for example, which is the hardest known 
substance, b invariably + electrified by friction, against any of 
- the other precious stones or against glass ; sulphur is not so 
hard as amber; the former is always— electrified, and the 
latter + : other instances will readily suggest themselves to 
the student. 

2. ) Of two similar substances, that which by friction becomes 
the ht/tttr is neyativehj electrified, and the cooler one positively. 

Sixth Expt. Uub two silk ribbons together, by drawing 
one cross-ways to the other; that which is druwu lengthwise 
will have a + electricity, and the other a—. 

Bub a piece of ground-glass on a polished glass* the 
former will be — and the latter -i* electrified. 
It has been further ascertained, that of all known substances, 
a .cat's back is the most positively electrical, and sn^iir pro- 
bably the most negativclrj so; tbjit is to say, against whatever 
substance you may rub the former, it always acquires elec- 
tricity ; and the latter as constantly — electricity. All other 
bodies may be so arraiifz;e(l l)i.3tw^een these two extremes, that each 
on being rubbed wiLli one of the substances, in order below it, 
will acquire + electricity, and the body with which it is rubbed — 
electricity ; and that the state of tension thus induced Is more 
powei^ul, the wider the distance in- the series between the two 
bodies. So many circumstances affect the electrical properties of 
bodies, that as yet no list has been made out that can be regarded 
as absolutely correct. 

Pfaff gives the following list of insulators, beginning with 
the most positive ; if they are taken in pairs, the lirst will be 
positive, and tlie succeeding body negative ; — 
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•f a cat*s back, diamond, dog's tluD, tounnaline, glass, 
wool, paper, white silk, black st)k» sealing-wax, colophon, 
arobei^ sulphur ~. ^ 

The following is Ritter's list for the electrical tension of 
both non-conduetors and conductors : — 

+ di iui )Tif^ zinc, glnss, copper, wool, silver, black silk, 
grey silk, grey maagaiieseous earth, sulphur ~« 

§ 482. 

The ,non-conductor«;, especially glass and rennous bodies, are 
used fi>r exciting the highest degree of electrical tension, by 
rubbing them against some suitable substance, which is generally 

of a sofi clastic texture. Experiment has shown, that an amal- 
gam of tin, zinc, and quicksilver (a), mixed with some unctuous 
matter, and spread on silk or leather, forms the best instrument 
for exoititij:^ glass ; resinous bodies are most readily affected by 
rubbing with the skin cf a cat. 

a.) Pfistcr says that this amnlgani is best prepared l)y 
mixing 2 parts of tin with :) of zinc, and 4 of quicksilver. 
The zinc is to be melted first, then add the tin as soon as 
the mixture becomes fluid, stir it for some time and pour 
out into a wooden box, on the inside of which you have 
previously sprinkled some chalk : the mercury should be 
heated and poured into the box before you add the other two 
metals ; the lid should then be put on, and the box is to be 
violently shaken till the amalgam liecomes cool, when it 
U'av he finely pulverized in a mortar. 
The C(Muliictors, and espeeially the metals copper and brass, 
are used tor receiving by comluction the electricity set free iu the 
noa -conductors ; to effect this they musi be connected with some 
non-conducting substance, most commonly with glass. The con- 
ductor instantly diffuses (§ 468.) the electricity imparted to it 
over its whole sur&ce, which is put into a state of electrical 
tension; the manner, however, of its diffusion is materially 
modified by the form of the conductor itself. If it be a sphere, 
then the tension is equal at every point of its surface ; if its 
dimensions be unequal, the tension will be most powerful in the 
direction of its lenu;th, the greatest force being at the extremity 
of tiie hodv. Cylinders will serve as an illustration of what is 
meant ; but if the conductor terminate in a sharp edge or point, 
the electricity will so accumulate in these parts, that, unless it be 
extremely full indeed, it will overcome the insulating resbtance 
of the air into which it will make its escape. 

The influence which the form of the conductor exerts on 
the intensity of the electrical tension at its surface, may be 
thus accounted for. So long as an insulated conductor is in 



Digitized by Google 



* 



ESCAPE OF EI^^CTRICITT VBOM NOK-COKDUCTO&S. 21 

its natural state of electricity ; t. e. so long as tlie two fluids 
' are in a condition of equilibrium, it may be assumed that 
they are equally distributed throughout the body's mass. 
But wiien either + or— electricity is accumulated in a body, 
the single elements of the free electricity repel each other 
and recede until some resistance is oifered to their further 
expansion. If now the conductor be perfectly homogeneous, 
no such cause of resistance exists, and the electricity neces- 
sarily accumulates at the surface ; and if it be surrounded, as 
it usually is, by the atmosphere, then the latter will oppose 
the required resistajice to the further expansion of the fluid, 
since the air when dry is a very imperfect conductor. Now, 
if the force be transmitted from the centre, its repulsion will 
obviously be equal in all directions. In conductors of a 
spherical form, the electricity will constantly be qpread in a 
film of uniform density, over the surface of the conductor. 
Hence, also, the more the fi^iire of the conductor differs 
from a sphere, the more unequally will the fluid be dl'i- 
tributed about its surface, Tlie accumulation of electricity 
will be greatest in those parts wijich are the most remote 
from the middle ; because in them will be the greatest 
quantity of repulsive elements ; its intensity will increase the 
more the end of the conductor approaches in form to a point, 
where the electricity will, of necesdty, be the most denser 
But the denser the electric fluid at any particular point of 
the surface of an insulated conductor, the more readily will 
it overcome the resistance of the air; hence the electricity 
passes ofr with such ease from points. 
To insulate a conductor completely, so that it may retain the 
electricity with which it has l)een impregnated, its fij^iire should 
be free from all points or eilges ; even when the best form has 
been given to a conductor^ its tension gradually diminishes ; u e. 
it sul^rs a loss of its electricity, and after some time it resumes 
its original condition of quiescence. This loss is owing to the &et, 
that no absolute non-conductor exists (§ 468.): those bodies to * 
which this name has been given, do but retard in various degrees 
the escape of the fluid. ']*he atmosphere exerts the most power- 
ful influence on a body's conducting properties, as it is in imme- 
diate contact with every part of its surface ; the moister the 
atniosiiiu rc, tlie more rapidly does it convey away the electric 
lluid. According to Coulomb s investigations, the loss is equal in 
equal times, the condition of the air remaining the same, and the 
greater the eleetrical tension the greater the loss; when the 
tension is but feeble, bad conductors act nearly as well as non- 
eonductors. 

Coulomb made use of his electrical torsion balance to 
estimate the amount of this loss* A/ccording to one of these 
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experiments, the repulsive force of the electricity was pro- 
portional to a tension of the wire of 270^. After the lapse 
of one minute, the tension h;id to be lessened 6^ to obtain 
an angle of the same deHexiua, so that the repulsive force 
now answered to an angle of 264"^. The mean quantity of 
eleetrioity was consequently proi)ortional to the magnitude 

^ . — s 267^ ; and hence the Joss of electricity for 1 

minute answering to these would be - — - » , The 

^ * 267 44-5 

same electrician found, when the atmosphere was in a dry 

8tate> that the loss of electricity was less, being in 1 minute» 

from ^h to i^th ; whereas when it wa^moist, the loss often 

amounted to ^th of the mean tension. 
The free electricity in conductors is also transmitted by conduc- 
tion toother similar bodies, and in this transnu«ision the following 
law has been observed to obtain : — let a and b be two insulated 
conductors of equal size and of similar shape, and let a only be 
electrically excited; after contiict, they will each possess an eijual 
tension, viz. half that of a before contact. If before contact, their 
electricities had been equal, but of opposite kinds, they would 
both be unelectrified after contact, for each conductor would have 
Imparted half its own electricity to the other, so that both con- 
taining an equal quantity of+ and — electricity, a state of quies- 
cence would be brought about Next, if a and b were electriBed, 
but nTH'qiirtlly, either both similarly or both dissimilarly, after 
contact, tliL'ir free electricity would be so distributed, tliat their 
tension would be t-qiial ; If the conducti>i s were similarly electrified 
the intensity Di tlu ir tension would be the mean of their tensions 
before contact ; if dissimilarly, it would be equal to their dif- 
ference ; so that if the intensities of their tensions be expressed by 
a and b, then in the first ease the common tension would be 

^ ^ and in the other ^ Again, if the superficial con- 

tents of the conductors be unequal, the quantity of electricity 
liberated, distributes itself in proportion to the extent of the 
surface. Lastly, if only one of the bodies a be insulated, and the 
other h be connected with the c^ronnd, the electrical tension of n 
would cease immediately that it touched h. As a connexion is 
established with the earth itself, the free electricity is conducted 
to it so as to be equally diffused over the first conductor and 
over the earth ; but as the latter presents an intiuitely large 
sur&ce over whieh the electric fluid accumulated on the former, 
may spread itself, the tension of the conductor is infinitely re- 
duced ; t* i. it is destroyed. 
The law which regulates the conduction of free electricity 
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as given abovei may be verified with sufficient accuracy by 
means of two equal electrometers fitted up on Brande'i 
principle. (-See § 480. ^f?. 155.) Strictly speaking, the in- 
tensity of the electricity ini[)aitL d to <uch an elecirometer 
is not equal to the angle of repulsum sluiv. ii by the straw on 
the quadrant, but the ditiere^^ee may be neglected when the 
ingle does not exceed 40P. We may tbermre assume that 
a deflection of SO^ or 10^ respectively answers to a tension 
|or }th as strong as that which causes a deflection of 40^. 
To proves howeveri the exact equality of two such electro- 
nieter% give to one of them a charge which will deflect the 
index, <?ay 40*-'; bring its ball c in contact with that of the 
other, and observe whether the indices of the two iTT^tru- 
ments point to an equal degree of detiection; if this i< not 
the case at first, a little correction of the straws ^\ ill make it 
right. Tile fuilowing experiments wiii prove llie cases given 
ateve. 

Fini EaefiL Give to an electrometer a, a certain electri- 
eity, and touch the ball of the unelectrified one A» with Ihat 

of the other. The straw index of the electrometer a will « 
£di about half the number of degrees, whilst that of the 
second 6 will be equally deflected. Separate the electro- 
meters, touch one of them so as to carry off its eloctiicity, 
bring them together again, and the same phenomenon will 
be repeated. 

Second Expt. Impregnate both the electrometers un- 
equally with the same electricity, and establish contact 
between their balls. The straw index of a» that which has 
been the more powerfblly deetrifled, will sink ; that of 6» on 
the contrary, will rise, so that both acquire equsl degrees 
of tension, which indeed will be the arithmetical mean of 
t^jo number of dei^rees shown by the indices before contact. 
In this instance, also, equilibrium is established. 

Third Expt. Impart to the electrometers, a and !>, equal 
quantities of dissimilar electricities, so that the straws may 
stand at an equal elevatioD, then bring their balls into con- 
tact, and they will immediately fall to zero, because the 
equal quantities of oppoate electricities neutralise each 
other* 

Fpnrth Expt. Impregnate the dectrometers a and 5 with 

unequal quantities of dissimilar electricities, and bring their 
balls together. The indices will immediately after contact 
point to degrees which "n iU give the arithmetical mean of 

the difference of their ])revi()us tensions. 

Fifth Expt. Lastly, electrify the electrometer a arbitra- 
rily J briuj^ it to 6, which is connected with the ground *, U!» 

C 4 



Digitized by Google 



^4 



iHDOcnoir. 



' soon as a and b touch, ilie index of the former will fall to 
zero, its free electricity being ditl'used over tlie surface of the 
earth. 

Non-conductors, by virtue of the opposite properties (§ 468.) 
possessed by them, set very diflemtly in the eonductioa of elee- 
trichy. They can indeed be reivlered electrical by that means, but 
only at those points of their surface which are In actual ccmtact 
with the electrified body. Hie electricity thus imparted to them 
is transmitted no furtherj or if it be, but slowly along their 
surface; tlie fluid adheres with a degree of constancy to the 
points of contact, so that these hodies remain clectritied for a 
length of time even after they have been touched by a conductor. 
An opportunity will presently (§ 492.) present itself of experi- 
mentally verifying this assertion, and we .shall at the same time 
prove that there is a difference in' the form of the two species of 
electricity. The non-conducting property of these bodies is im* 
paired by coating them with any conducting substance: the 
thicker this coating,tbe more nearly do they resemble conductors; 
if the coating be sufficiently thick, they acquire the distinguishing 
^ property of conductors (§ 468.), and prove the correctness of the 
assertion, tint free electricity reside-^ only at the surface of a body 
by transmittin'j: their electricity to the surface of the conducting 
body with which they are in contact 

$ 483. 

If an insulated conductor be placed in the vicinity of an elec- 
trified hodv. the latter will act upon it and produce in it a state 
of bipolar electrical tension. Tlic body thus rendered electrical 
by the mere presence of an electrified body without cMutact with 
it, is said to be ekctrijitd by iiiductioiu (§ 478.) 'J he phenomena 
to be observed with regard to conductors thus rendered electrical 
are the following : 

That part of the conductor nearest to the exciting body has an 
i^posite electricity to it, and the part more remote has a similar 
electricity. Between these extremes is a point where the oonductor' 
is in a state of electrical indifference. 
• The f?)llowinnj simple apparatus may serve to illustrate 

this law. The conductor consists of a copper wire u 6, Jig, 
158., about \ of aa inch thick, and from 8 to 10 inches long : 
this wire, which serves for the induction of the electricity, 
is rounded at the ends, and it is insulated by means of the 
glass rod cdj by which it is attached to the upright 9t, 
Small pieces of straw are to be ftstened at intervals on this 
rod, especially at the ends and at the middle, these if hung 
so as to move easily, will serve as so many eleetnteoopes. 
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Fig. 158. The electrified substance, by means ot* 

which the electricity is to be induced, 
may be a pieoe of resin, which if rubbed 
briskly with a piece of cat's skiii, be- 
comes electrified, or a Xjeyden jar (§ 
487. )» which has been charged with 
either + or •- electricity. Thpso pre- 
parations being made, the following ex* 
periments may be pertoniu d : — 

First Expt. Place the insulated con- 
ductor, as the electrical pendulums hang 
perpendicularly, just over the eieited 
resin, or the ball of theLeyden jar» and 
you will see : 

1. That the pendulums attached to 
the conductor are repelled from it ; con* 
sequciitly the latter is electrified. 

2. The deviation of the pendulum is 
greatest at the ends ot the conductor ; 
it diminishes towards the middle, near 

which there is a point where the electroscopic pendulum 
does not fiy off from the conductor. 

3. By means of a glass rod, or a stick of sealing-wax that 
you have rubbed, examine the electricity of the diTcigent 
poles, and you will find, if the inducing body has 4- elec- 
tricity, that the end of the conductor next to it has acquired 
— electricity, and the remote end +. Had the ii\diicing 
substances been — electrified, these circumstances would 
have been reversed. 
These effects may be tin is explained — The inducing body, which 
we will suppo.se to be m a state of -f electrical tension, attracts 
to itself a portion of the electricity of the insulated conductor 
that is brought within the range of its influence; the — elec- 
tricity will ti^erefbre become accumulated at that end which is 
nearest to the + electrified body* The similar + electricity, on 
the contrary) is repelled, and concentrates itself at the end farthest 
from the conductor, llie whole of the — electricity of the con- 
ductor would have collected itself at that spot, did not the ^ 
electricity it contains attract the negative particles near to it ; 
the electrical tension is therefore tlie more intense the nearer 
the conductor is placed to the exciting body. Towards the 
middle of the conductor the antagonist forces of the two elec- 
tiieities will cancel each other, and a state of quiescence will be 
established. 

This state of polarity in the conductor is destroyed by removing 
it beyond the electrical atmosphere of the exciting body, without 
touching it^ so as to carry the fluid off by conduction. The ^ 
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eleetridto eonibine, s&d the oonduetor recorera its state of 
neutrality, 

&eomd Bsept, Proceed, as we have described above^ with 
both thebodies»Yiz. with the insulated conductor (a hjig. 1 58. ) 

. and the jar A ; the return of the former to its state of indif- 
ference will be evident by both the pendulums falling down. 

If the conductor, whilst in a state of induced electricity, be 
'touched at any point whatever, it will lose the electricity of the 
same name with that of the inducing body; but the (iissimilar 
electricity at the end nearer to the exciting body will be in a state 
of greater tension. This phenomenon has caused the first elec- 
tricity which is carried off to be called fine ; whilst the other» 
which is retained by the opposite electricity of the inducing body, 
is said to be latent. Remove the conductor in this state beyond 
the action of the electrified body, and it will again appear dectri- 
ca!, the whole of its surface being electrified with the opposite 
electricity to that of the mdiicinpr bodv. Tlie electricity held in 
a latent state in the conductor by the action of the other body, 
is again set free, and spreads itself over the whole surface of the 
conductor. 

Third Expt. Touch the conductor (a b,Jiff. 158. ) with your 
finger, at any part of its surface^ and the pendulum h will 
sink, whilst that at a diverges still more widely. Place the 
two bodies apart, and all the little pendulums attached to 
the body in which the electricity has been induced assume 
an equal divergence ; and if the character of the electricity 
be to'^ti^'d hv means of an excited £^ln<;*; rod, or stick of sealing- 
wax, it will be found to have an opposite polarity to that of 
the exciting body ; as represented in the figure, the whole 
of the conductor would be negatively electrified. 
From what has been now advanced, it is clear that import- 
ant differences exut between induced deetridty and electricity by 
conduction. For I.) Induction occasions no transmtsuon of the 
free electricity to the other body, and consequently no combination 
of the + electricities, such as obtains when electricity is excited by 
conduction ; but the free polar force in the electrical body exerts 
a tendency to combine with its opposite electricity in the body on 
which its inductive influence is exerted. 2.) The distance at 
which electricity acts iu this manner greatly exceeds tliat at which 
it acts by conduction ; for in the latter ease it is necessary that 
absolute contact should be established, ur, if the tension of the 
firee electricities be very great, there may be an interval between 
the two bodies, if it be so small that the + electricities can neu^ 
tralize each other in the stratum of air which intervenes. 3.) In- 
duction always produces the dissimilar, but conduction produces 
the similar, electricity to that of the electrifying body ; t. e. all 
bodies within the sphere of a positively electrified body's infiuenco 
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arc negatively electrified, such as are within the atmosphere of a 
negatively electril'iLJ body are positive. 

Thus, although an electrical body, acting by induction on 
another, sustains no loss as to the quantity of electricity it con- 
tains, yet the intensity of its eleetriod tension is materially modi- 
fied n^ilst it is in a state of |>olar activity. The intensity is 
lessened by just that amount of the free potsr force which is 
engaged in attracting to itself its antagonist fofce ; and hence the 
body is enabled to draw still further supplies of electricity from 
the other body from which it has nlready derived some by con- 
duction. In other words, diirina; the process of induction a body 
acquires an additional capacity for receiving fresh electricity, the 
density of which increases in proportion to the quantity added. 
On the mutual relation which thus obtains in bodies electrified 
by induction, depends the construction of those important instru- 
ments which serve to condense electricity and to ineresse its 
power. A full description of these wiU be found in §§ 486^^90. 

The inductive in^uence of electricity obeys the same laws in 
conductors not insulated as in non-conductors, but in the former 
its effects arc not apparent, as they are neutralized by the con- 
nection of the body with the frrotind, whereas, in non-conductors, 
the induence is extended to but a small distance from the electri- 
fying body; the resistance to conduction is, of course, the obstacle 
to its more rapid progress. Beyond these limits an alternate 
state of tension is found, several zones of induced electricity IbU 
lowing each other, of whieh, each succeeding one lies within the 
electrical atmosphere of the preceding, but as the distance from 
the original point of excitation increases, the sones become 
weaker and weaker until they entirely vanish, agreeably to the 
law which regulates the decrease of electrical influence. 

The process of induction may be advantageously applied 
to tile use of the electroscope nnd electrometer, if the instru- 
ments, like Becqu^rel's and Oersted's, are sufficiently delicate 
for the purpose. When brought near the electrified body 
they are excited, and the electroscopic substances diverge 
agreeably to the law of induction, with the electricity of the 
exciting body. Whilst the instrument is in this state lay 
your finger on the conductor, the free electricity will be car- 
ried o£& and the electroscopic substances will no longer ap- 
pear to be affected ; but if the finger be withdrawn, and the 
body, whose electricity you are testing, be also removed, the 
electrometer will again show itself to be in a state of excite- 
ment, but with the opposite electricity to that of the body 
under investigation. This may be i^roved in the manner 
which has been already explained several times. The elec- 
trometers named above, and also the torsion balance, will be 
Tendered additionally senritive^ by imparting to them « 
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feeble electrical tension, in the first instance by inimediate 
contact, and afterwards bringing the electrical body near 
them. If the dlver;[^ence of the indices be increased by this 
meaas, the body has the like electricity to that previously 
imparted; but if tlieir divergence be diminished, the electri- 
cities are opposite. In Becqu^rei*s eleetrosoope, the move* 
ment of the gold leaf towards the opposite column shows 
instantly the electrical state of the body under examination. 
To render Oersted's electrometer (fy, 156.), in this respect, 
as perfect as Becquerels, Deilmann proposed to add a second 
conductor of the induced electricity. To effect this, the 
copper wire s r k, insulated by means of a cflass tube, is car- 
ried through the centre of the foot of the instrument. To 
electrify the first conductor and the strip of metal de by 
induction, two horizontal arms, k n and k I, are carried from 
A at a distance of about 1 line below the circular graduated 
aealct these arms at n and / are bent upwards towiurds o and 
m. By turning the part rt of this conductor beneath the 
foot of the apparatus^ the upright arms no and 2m can be 
placed at any distance whatever from the arms g h and h i 
of the electroscopic needle. Convey a very minute quantity 
of either -for — electricity to this induction conductor from 
the cork ball ami the strip of metal will thereby be in- 
stantly electrified with the oiii)o.site polarity, the index being 
repelled by it, takes a position (answering to the + electricities 
simultaneously acting upon it) between the strip of metal cIs 
and the two ▼ertical arms no and Zm of the second conductor. 
Screw a condensing plate a on the first or prime conductor, 
induce in it the dectrioity you wish to examine, and a cor- 
responding movement of the needle will ensue if there be the 
least trace of electricity. 
The I'lw of induction, which we hrive developed in the pre- 
ceding paragraphs, is hi^rhlv iniixntant, as it cuabKs us to ex- 
plain most electrical phtnomena ( and as we shall see presently, 
not merely those which are couuectcd with electricity by friction) 
since induction is the first effect produced by an electrified body 
on any other that comes within the sphere of its influence. But, 
(Sot induction, there would be no electrical attraction or repulsion; 
ibr as soon as an unelectrified moveable body is attracted by an 
electrified one, it is not the bodies themselves which excite this 
action, but the polar forces of the + electricities which are called 
into activity by the induction. The srime may be said of elec- 
tricity by coiitliiction, for, before the free electricity of one body 
is transmitted to another, the f anner has already effected in the 
latter the induction of its neutial electricity, and attracted to 
itself that which is of oppo^^ite polarity to its own. When these 
antagonist influences have been equalized, the transmisdon or 
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conduction of the surplus free electricity (§ 482.) takes place to 
the originally iin^ectrified body ; both are, accordingly, similarly 
electrified, aod mutually repel each other* 

B. Tke EkctrUttl Maekime, iU Moek of AcHm md Us€9. 

§ 484. 

Ill the fundaiiieiitiii experiments hitherto described, wp required 
but siiKiU quantities of electricity and of moderate intensity to 
illustrate the laws of electrical tension ; but if we desire to become 
more intimately acquainted with these effects when produced by 
large quantities of free electrieity of high tension, we must adopt 
means, not merely for eliciting a large supply of the fluid, and 
for retaining it for a lencrth of time, but also for collecting and con* 
densing it when obtained. The most convenient mode of excite- 
ing it is by friction, and th? quantity of electricity thus elicited 
depends on our employing the most suitable substance^ for the 
purpose, and, especially, on the extent of the rubbing surfaces. 
Now, to collect the electricity thus set free, and to impart to it 
the requisite degree of tension, we must have bodies on whose 
surfiice it may be easily diffused and condensed* To accomplish 
the former of these objects we use non-conductors, to secure the 
latter we employ conductors. 

The apparatus contriYed on these principles to develope a large 
quantity of electricity of high tension is cialled an ^eetrieal ma- 
chifw. It consists of three principal parts, viz. 

1. ) A non-conductor^ bij which friction may he excited ; this is 
generally of glass, presenting a large surface, and havinc: some 
contrivance attached to it, by which a continued rotatory motion 
may be imparted to u about a tixed horizontal axis. 

2. ) A substance, against which it may be rubbed, called the 
rif&fter, consisting of a soft, elastic body, of low conducting power, 
which fits close against some part of the suiiaoe of the first-named 
non-conductor. Whilst the non-conductor is turned round, the 
friction' decomposes the quiescent electricity in the two bodies; 
the one, therefore, becomes + electrified, and the other — . If 
tlic non-conductor be, as it generally is, of glass, it is positively 
electrilied, and the rubber negatively. 

3. ) Tlie conducturSf two insulated hollow cylinders, of high 
conducting power, made commonly of metal, and placed on glass 
pillars. These conductors are rounded off at the ends, one is in* 
tended to receive the positive electricity of the glass, and the 
other the — electricity of the rubber. 

The cylinder machine is that which is most generally 
adopted; it derives its name from a hollow cylinder of glass. 
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placed homontally, atid turned about on its axis by means 
of a liandle : immediately under it is the rubber, which 
covers from J to 4 of the surface of the cylinder, against 
which it is pressed by a ileel spriii|;. That the electricity 
set free in the cylinder dttring friction may not be dispersed 
in the air, a piece of silk is fiistened to the upper side of the 
cushion, extending as far as the conductor, to which it con- 
veys the electricity it carries off from the glass. To collect 
the electricity set free in the cushion* the latter must be in- 
sulated upon glass legs. 

The conductor, which is intended for the reception of the 
electricity from the glass cylinder, is called the positive con- 
ductor. Its form, as has been stated before, is commonly 
cylindrical, and its position Is generally horisontal, so as to 
stand at right angles with the axis of the cylinder. That it 
may receive the electricity from the whole surface of the 
glass which is subjected to friction, one end of the conductor 
stands exactly over the middle of the cylinder, having a 
smaller metal cylinder connected with if, the latter going 
lengthwise along the cylinder, and being tiirnished with 
teeth or points that nearly touch tiic surface of the glass. 
The conductor of the cushion, wiicn the machine is fitted up 
with one, is called the negative conductor ; it generally con- 
sists of a large hollow metal ball, immediately connected 
by a wife with the cushion or rubber. Fig. 159. represents 



Fig, 159. 




an electrical machine^ with all the parts we have juftt de- 
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aeribed ; 6 G is the glass cylinder, R the rubber or ctathion, 
with the piece of silk C is the positiTc^ and— C the 
taegatiye oonduetory $g$g are the glass legs on which it is in* 

sulated. 

In the plate-machine^ as its name indicates, a plate of glass 
is substituted for the cylinder ; an axin passes through its 
centre, the ends of the axis rest in two sockets in two up- 
right piUars, between which the plate is made to revolve by 
means of a handle, which ftstens on to the end of the axis. 
The cushions, against which both sides of the plate mb^ are 
so fixed between the Tcrtical pillars, that they are pressed 
opposite to each other against it. These cudiions are also 
provided with silk flaps, which fit close to the surface of the 
glass. The handle by which the circular plate is turned 
stands on one side, and on the other is the conductor, con- 
sisting of two arms having at their ends smnll toothed cy- 
linders, which come close to the surface of the iihiss. If 
these machines are fitted up with a negative conductor, the 
simplest plan will be to place it above the two upright 
pillars which support the madiine. This conductor consists 
of a hollow metal ball, which must be connected with 
the cushions. Fig. 160. re])resents a plate electrical ma- 
chine; G G is the plate, RRtbe rubbers with the silk 
flaps S 4* C is the positive^ and — C the negative con- 
ductor* 



Fig. leo. 




Cylinder machines with e^uai area of surface, exposed to 



Digitized by Google 



32 



TBS CrUVOBft AND Cd^HIOK. 

« 



friction, take up less room than plate Tnacliines, but then it 
is only their outer surface that is available; cylinders are . 
also much cheaper, less readily broken, and the construction 
of the apparatus is altogether more simple; for which reasons 
they are m more general use than plate raachines. 

It may be worth while to remark with respect to the 
principal parts of an electrical machine that 

The glass cylinder, or plate, is the part on which principally 
the effectiveness of the macliine depends. It has been found 
by direct experiment, that all kinds of glass arc not equally 
adapted to give out electricity. The best glass is that 
which is the whitest, most transpnient, the hardest and 
freest from bubbles, and which coutaius a large proportion 
of silex. It has also been ascertained that it should not be 
too thick, in order that the fluid maybe quickly eicited. In 
consequence of the properties of the glass, many machines 
are remarkably effective. In Baumgartner's Zeitschr. f, 
Fhys. u. Mathem. III. 439., mention is made of a plate- 
machine constructed by Pfister, of Vienna, which possesses 
extraordinary power : its dimensions are not remarkable ; the 
plate, which is of Venetian glass, i-^ '-8 Par. inches (30 Eng- 
lish inches) in diameter, and 2 lines in thickness. 

The cushion is also an important part of the machine, as 
on its nature and construction depends the readiness with 
which electricity is elicited. It consists of a linen cushion 
of convenient length and breadth fiistened to a piece of 
wood, it is generally stuffed either with horse-hair or with 
metal filings. The requisite degree and the uniformity of 
the pressure on the surface of the ^ass depends on this 
cushion, to secure which a steel sprinir is generally placed at 
the back of it. The neutral electricity of the glass is most 
rapidly resolved by the aid of the amalgam, the mode of 
preparing which has been already described at lencrth. 
(§ 48'2.) It is generally pulverized veiy finely, then mixed 
with a little hog*s lard, and spread uniformly on a piece of 
washed leather, which is fastened on one side of the cushion. 
I have found the most effectual method is, instead of using a 
piece of leather at all, to spread the amalgam pretty thickly 
on the cu.shion itself, and then to cover it with a piece of silk, 
so that the amalgam may not be in actual contact with the 
glass ; a sufficient (juantity will work through the silk, when 
the glass presses against it. By this arrangement you avoid 
the iaeonvcnience of smearing the glass, which inevitably 
impedes the development of the electricity. One important 
qualification of the rubber is, that the surface on which the 
amalgam is placed should carry off as quickly, and com- 
pletely as possible, the electricity elicited. To effect this a 
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pleee of eopper or tinfoil of the same liie as tbe^eusliioii, » 
laid immediately under the surface, coated with amalgam. 
If tha cushion is stuffed with metal filings, this arrangement 
b not required to carry off the electricity. 

The conductors which are intended to receive and ac- 
cumulate the electricity which the friction liberate*?, should 
have a G;ood conducting surface, and their siae shoulti be in 
proportion to the quantity of electricity they will have to 
receive. The best are made of plates of brass or copper : if 
of wood or paper they will be dieaper, but Icsa effectiTe» eren 
when covered wkh tinfoil or silver leaf. The roost eon* 
venient forni» at least for the poiitive conductor, which is the 
one in most frequent use, is that of a long cylinder. That 
the accumulated electricity may not readily escape into the 
ambient air, a conductor should not have any sharp edges or 
points. For this reason its ends are hemispherical. (§482.) 
The points <j)n the lesser conductor serve to carry off the 
electricity more quickly from the glass than it would other- 
wise pass, it is thence transmitted to the prime conductor 
whieh is huulated by being supported on a glass pillar ; the 
Insulation is renideted more complete by washing the glass 
over with a solution of shelUe. 

The invention of the electrical machine is usually attri- 
buted to Otto Von Guericke. 'Hie electrical body he used 
was merely a ball of snlpbnr, which was excited by friction 
in tlie Iiand. The ball was provided with a handle that it 
migiit be turned about with greater rapidity. Glass balls 
were afterwards substituted for tliose of sulphur, then cylin- 
ders, and kmtly plates uf glass were used. The important 
addition of a cushion was made by Winkler to his cylinder 
niaehine» which Wilson still further improved by giving it a 
conductor. Since his time no more parts have been added» 
although these three have been variously combined and 
modified. The most famous machine ever constructed, both 
on account of its site and performance, is that which Cuth- 
bertson made under Van Marum's directions, for the 
Teyleri ui Museum at Haarlem. It is a plate machine, 
having two plates of erlass 65 inches in diameter, it has 
8 cushions, and its conductors present a surface of 23^ square 
feet ; we shall have occasion to speak of this machine again 
presently* The madiines we have described at length are 
thoK which are most eitensifely used, others have at difie> 
rent times been ^constructed possessing some peculiarity in' 
. form, or in the nature of the bodies, by whose friction the 
, <dectricity was excited. For further details of these various < 
in<;truments, we must refer the curious reader to Cuthbert- 
sou's, CavaUo'% and Becquerol's works on .the subjecL 
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§ 485. 

All the efifecU of electrical tension hitherto described, may be 
produced much more plainly, and in a higher degree, by means 
of an electrical machine, than in the fundamental experiments 
given in § 479. 

Insulate both the conductors of a machine, and after the 
cylinder or plate has been turned round a few times, they will 
both be in a state of high eloctrical tenuoiit.as a quadrant dee* 
trometer %Jigs. 159. aod 160., placed on the positive conductor 
would immediately show ; the conductor in connesion with the 
glass is positively electrified, that which is connected with the 
cushion is negatively electrified, as may be easily seen by ap- 
plying the tests already de>cribed. In this state of tension, both 
the conductors will attract unelectrified bodie«; held at certain 
distances from them, and then repel them. So their inductive 
influence may be obseived on electroscopes at a considerable di**- 
tance. 

A thread 6 feet long was drawn 6 inches out of the per- 
pendicular by Van Manim's great plate mschine at a dis* 
tance of S8 feet froni the conductor, and the balls of one of 
Cavallo's electroscopes diverged | an inch asunder when 40 

feet from it. 

During the revolution of the machine, a luminous appearance 
is very pcrcejitil)k\ nccompfniied by a crackling noise; and small 
sparks are visible in those parts of the cylinder or plate which 
are not covered witli the silk flap. ^ . 

If the ttice bu placed near the excited bodies, a sensation is 
distinctly felt, as if spider's webs were being drawn across it; 
and very shortly after an electrical machine has been in use, the 
phosphoric odour is strongly perceived. 

. If .both the conductors be insulated whilst an electrical 
machine is worked, they will acquire only so much electricity as 
equals the quantity of (piiescent electricity which is decomposed 
by the friction of the glass and the riihber. In proportion as the 
free electricity transmitted to the conductors is dispersed in the 
air, the intensity of the electrical tension diminishes. To obtain 
from the machine a permanent supply of electricity in a high 
.state of tension, it is necessary therefore, that pne of the bodies 
which are rubbed together, should be kept in a state of electrical 
quiescence, which is accomplished by connecting it with the 
earth ; if we desire to obtain pontive electricity, we shall connect 
the cushion with the ground, if ncj^ative, the positive conductor. 
Generally speaking, for experimental purposes we use positive 
electricity, which is obtained of greatest intensity by connecting 
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the cushion by means of some good conductor, such as a copper 
wire or chain, with a krge mass of metal» su^ as a twater, gas, or 
hot-air pipe. 

The electficitf accumulated in the eonduetors may be trans* 
mitted to other bodies in two different ways, according as the 
.latter are immediately connected with the conductor, or are held 

at some distance from it. In the first case, the free clcclricitv 
which is transmitted to the conductor passes on without any 
perceptible mark to the body connected with it, and the body is 
then in the condition described in § 482. ; that is to say, if a non- 
conductor, it is electrified only at the points of contact ; if a con- 
ductor in an insulated position, its whole surikceis electrified j if 
a conductor not insulated, tlie electricity transmitted to it in- 
stantly escapes into tbe ground ; so that neither it nor the con- 
ductor manifests the least presence of free electricity. The 
correctness of the above remarks may be easily tested by the 
following experiments : 

First Expt, Touch an eUc ti ifit d conductor witii some 
point of a non-conducting body wliicii you have previously 
marked, test the non-conductor by means of an eiei troscope, 
and you will find it electrified only at the point which had 
been in contact with the conductor, 

See&Bd Expt. If a person stand on an intulatmg Hopl, t. c 
on a wooden stool with glass legs, and place one hand on the ■ 
conductor of an electrical machine which is set in action, a 
person so placed being an insulated conductor of electricity, 
will be electrified in precisely the same manner as tbe prime 
Con^liK'tor of the machine. > 

1 hird Expt, Connect the rubber with the ground, and uither 
suspend a chain or lay your hand on the prime contluttor 
whtle the machine is being turned round, and the prime 
conductor will show no. mark of free electricity, which will 
however be developed immediately on removing the h^d or 
the chain. 

But if a body be brought gradually towards the conductor 
while in a state of electrical tension, the conduction of the elec- 

. tricity will take place, even before contact happens, with a spark 
attended witli a crackling noise or a report. The letigth of the 
spark is the greatest distance at which an object can be held 
from the prime conductor in order to elicit a spark. This species 
of conduction may be explained by teiurnng it tu the inductive 
influence of the conductor on the body which is moved towards 
It $ those parts of each which are next to the other, as they are 
brought nearer and nearer together, acquire so violent a degree 
<^ electrical tension, that at last tbe resistance offered by the in- 
tervening stratum of air is overcome, and a spark is elicited by 
the combination. of the f and — electricities; the length ^if tfaa 
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spark varies, being regulated principally hj th« intemity of the 

dectrical tension and the degree of resistance made by the air : if 
therefore the air be rarefied, the length of the spark will be in- 
creased. It is also in some measure affected by the form of the 
coiititcuoiis siirfacet; for if they are flat, they must be made almost 
to toucli before conduction takes place; but if they be convex, as 
balls, then the longer the dlatueter the sltorter the spark, but the 
greater its intensity ; if, on the other hand, one or both of the 
eonducting bodies tanniiwte in a point, the points will liecome 
luminous at a considerable distance asunder, and a eootinned 
succession and neutralisation of the disnmilar electricities will be 
maintained. 

All that has just been advanced may be easily verified by 
■ fixincr balU of various sizes to the extremity of the positive 
conductor, aiul j)resenting to them at ditVerent distances, 
metal balls of various diameters. The effect is rendered 
more intense by connecting the body you offer to the prime 
conductor with the cushion. The emission of the electric 
fluid will be both heard and seen, if the conductor terminate 
in a point, or if a pointed body be brought near to it. 

When y. Marum's great electrical machine had a 4- 
inch ball affixed to the end of its conductor, and a 12-inoh 
ball was brought towards it, it emitted 300 sparks 24 inchea 
in length in a minute, the sparks bcin^ forked like lin;htning, 
and having rays from 6 to 8 iocbes in length proceeding 
Jrom their angles. 

This will, perhaps, be the most convenient place for 
giving a few useful rules to be observed in the performance 
of experiments^ that a well-constructed madiine may act 
with the greatest posrible efficiency* 

If an electrical machine has bwn ibr some time unused, 
all its parts . must be first cleansed from dust: the old 
amalgam must be scraped off* the cushions, and a fresh 
coating put in its place. Free the cylinder or plate from 
any amali^am that may be sticking to it, wipe the s^lass with 
a clean cloth, having previously washed it, if necessary, with 
some spirit of wine. If tlie flap attached to the cushion has 
become greasy, replace it with a new one. Carefully free 
the conducUNTB fiom dust, and see that thdr surface u per* 
fectly round and eren, and that no splinter or point is to be 
flmnd at any part of their surface by which the electrietty 
might be curried ofif* Clean, in like numner, all the insuU^ 
tors of the machine, especially the glass pillars, to firee them 
from anything!; that might act as a conductor. Lastly, 
establish a connexion with the ground in the manner 
already shown, taking care that the connexion be uninter> 
inpted* The above are the principal matters to be attended 
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to in prepftfing the machine itself. Iti aetion will, after all, 
depend on the state of the atmaepher& The drier the ait the 
more ftvourable for the performance of eketrical experiments ; 

hence, as a general rule, they may be expected to «;iiccecd 
when the wind is in the east or north. The room too, in which 
you operate, should be dry and free from smoke and vapour ; 
hence the presence of a crowd ot spectators, and the burning 
ol: many lamps or candles is very prejudicial. For obvious 
reasons all pointed objei^,looae tiireads, and the lik^ ^idd 
be removed away from the machine. As heat contributes 
materially to sustain the efficiency of the machine, you 
should place it in winter so near to the fire, that at least 
the glass and cuithions may be affected by the radiant heat ; 
if possible, the room should be dried by means of hot air, 
both because this is the most effectual mctbod^ and because 
the air thus wanned is remarkably dry. 

C* THS nilTSBBNT KINDS QF APPARATUS WHICH ACT BT THB 

IKDUCIION OF BLSCIUCITT. 

§ 486. 

When, as we have already seen, a quantity of electricity of 
high tension has been accumulated in the prime conductor of the 
machine, yet it cannot acquire any considerable degree of density 
because of the tendency whicli f ree electricity has to resume a 
state of (jiiiescence, to which it will soontr or later return, as the 
insulation is more or less defective. To condense the electricity, 
therefore, it is necessary to put it in a condition which will allow 
the opposite eleetrtcities to display their tendency to neutralise 
each other, without, however, aetiudly combining : this is accoo^ 
plished by the process of induction. The free dissimilar elec- 
tricities attract and mutually hold each other in a latent state 
without combination ensuing ; and hence, up to a certain pointy 
their density and tension are equally increased. 

In tlie explanation given (§48r^.) of the phenomena of induc- 
tion, we have shown that this etfect takes place under tlie influence 
of the atmospheric air ; we also noticed the condition of the bodies 
an which electricity had been in()uced. In the instance just 
reftrred to, Ibe non-caoducting substance which impeded the 
oombiiiation of the electricities which were mutually attractive* 
was the inlerrening stratum of air; but if we please, we may 
substitute any other non-conducting body, such as glass, resin, 
M^o, provided only that it be of such a thickness, that the induc- 
tive influence of the free electricities may penetrate with 
sufficient force. For this purpose, two conductors, presenting 
each a large surtace, are employed : on one of them the + dec* 
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tricity, and on the otliur the — is accumulated; the two surfaces 
are separated by a non-conductor, which retains them both iu a 
latent and condensed state. A non-conductor equally comcd in 
Ihui way with latent electricity, is said to be charged, 

TIm following fiindamentel experiment, given by Poutllet, 

will illustrate the combination of de<s 
Ftg, I61* tricity by induction through the me- 
r. dium of non-conducting plate*?. The 
requisite apparatus consists of a thin 
glass plate, A A, }f^\., (a thin plate 
of sulpliur or resin would do as well,) 
coated on both sides to within 1 or 2 
inches of the edge with tinibil aa,bh. 
To each of these eoelei a smaU electrical 
pendulum, ccf and §ff is attached; heia 
a irtre tenninating in a ball, which serves 
as a conductor of the electricity. 

Expt. Electrify the metallic surface 
b b, by the conductor C, from the + con- 
ductor of the machine, or by any other 
means whatever, and the two pendulums 
«/ and cd will be repelled. The pendulum ef diverges 
vith -t- electricity, in consequence of that electricity's ex* 
tending itself oyer the outer surface of the metal h b. The -¥ ' 
electricity spreading over that side of the metal next the 
glass, acts by induction through the glass on the inner 
soifiwe of aa: thus the neutral electricity (+ electricity) 
is decomposed ; the dissimilar kind, in this instance the 

— electricity, is rc tuicrcd latent, whilst the + electricity is 
repelled, and the pendulum cd made to diverge with it. 

Now touch the coat a a with the finger, and the free 
+ electricity becomes saturated with — electricity : and the 
plate a a is again in a state of indifference, whilst the 

— electricity held in a latent state by the + electricity of the 
other coat bb adheres to the glass beneath a a. Now 
oonvey a new portion of + electricity to bb, induction will 
again take place on a a ; touch a a and conduct the + elec- 
tricity to b b, so mitch opposite electricity will become latent 
on tliL two rr]^K^ snrfnces, as the resi'^tance of the glass is 
able to prevent from combining; the plate A A is then said 
to be charged, — The same result is obtained more quickly 
by maintaining one of the metallic coatings iu a state of 
quiescence, whilst a continued stream of electricity is kept 
up on the other. This can be effected by connecting a a 
with the ground by a brass chain a L> and b b with the con- 
dnctor, while the niachine is worked. 

. When the plate has been thus charged, diie<nme€t it with 
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the conductor and with the ground ; the pendulum c d will 
beat rest, while e/ will diverge with the free + electricity. 
Now touch the coat b 6, the + electricity is neutralised and ' 
its pendiiliim &1b ; the pendulum of the other eo4t a Of 
meanwhile ruing just as if new eleetrieity had been imparted 
to It. Its repulsion la, however, owing to a quantity of <— . 
eieetriclty being liberated answering to the + ideetricity 
carried off from the coat b b. Now touch the coat a a, and 
the pendulum r </ is depressed, while ef of tlje coat hb rises; 
repeat thi?; a;^ain with b b, and llie like phenomenon happens, 
nnd thus the glass plate is gradually discharyed ; i.e. the 
electricities which were held in a latent state arc neu- 
tralised. 

If the experiment last deserihed he not performed after 
the eoonetion has heen hroken, yet you will soon see that 
the pendulum of the coat h which diverges with the 
-I- eieetriclty* gradually sinks ; and that of a a begins simul- 
taneously to rise until both have acquired an equal diver- 
f»ence; then thev both de^jcend uniformly, until they touch 
the metal plates, thus showing the plate to be discharged : 
in this case the discharge has been effected by the gradual 
loss ( f tlie electricity caused by the air. 482.) This pro- 
cess is accomplished the more slowly, the drier the state of 
the air. 

§ 48t. 

Those important picec«? of apparatus by mean^ of which v e 
ran accumulate and condense, more or less considerable quan- 
tities of electi ie ity, and of great intensity, are constructed on the 
principle we h ive just been explaininc?, viz. that opposite elec- 
tricities niay be held in a latent stale. Tliese instruments arc 
FfomUiiC* itctrical pUOtt and the L^fdenjar; they differ only in . 
Ibrm, the prineiple on which they both act being the same. 

The eleBtrical plates are merely gbss plates of a square or 
oblong shape, coated on both sides to within a little distance of 
their edges with tinfoil. 

The jars are what their name imports, and are covered at the 
bottom and up the sides to within a short distance of the edge 
with tinfoil. To convey the fluid to the interior of the jar a 
brass wire runs through its lid. the upper end terminating in a 
ball, and the lower end, being divided into several fine pointy, 
touches the foil within the jar. These jars are superior to this ' 
plates as being more eonvenient to handle* and less liable to be 
broken, for which reasons they are generally used. 

A jar of this kind is usually charged with electricity from the 
positive eonductor, conveyed to its inner surfiMe by connecting 
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the conductor with the wire by means of a chain^ and theu setting 
the machine in motion, or else by lioUilng tlie knob at the top of 
its wire near the conductor, while the machme is at work, and a 
tuoManoD of sparks from the «ondiictor to the ksob of the jar 
marks the paau^ieof the duuge into tho litter. Theelcetrieity thus 
convcjed to the interior of the Jer by indnelioB eeti dinK^ the 
. glass, fixing the opposite deetricity on the outer coit» and re- 
pelling the similar electricity. If a jar be insulated it can receive 
only such a charge as equals the quantity of dissimilar electricity 
which can be rendered latent on the outer surface : but if the 
jar be connected witli tlie ground, the repelled electricity is con- 
tinuously neutralised, and its decomposition and dissimulation 
continues till the intensities of the two electricities (of the + 
and — electricities) are such as to overcome the resistance of the 
glass when they will eombtne* 

Tlie quantity of eleetrieity whieh can be accttmalatcd in an 
apparatus of this kind is proportional to the am of the metallie 
surface, the thickness and strueture of the glass being equal : the 
thinner the glass, or the more powerful the induction of the 
electricity tbronjz^h it, the greater the deTi«;ity of the electricity 
that can be accumulated in it, or the more intense the charge; 
sometimes the glass is split, or a hole is made in it, when the 
condensed electricities overcome the resistance it offers to their 
reunion. To experiment with large quantities of electricity we 
employ an tkeirhal haUery, by wludi we obtain a large amount 
of surfiwe. Sueh a battery is generally made by eombining a 
number of Jars of a moderate rise, their inner and outer sur&ees 
being eonnected, so that it aets precisely as one large jar would 
whose metallie snrftee wis equal to that of the whole battery. 
The outer coatings are connected by placing all the jars in a box 
lined witli tinfoil ; their inner coatings by connecting their knobs 
by means of bent wires, A battery is charged in precisely the 
same manner as a single jar ; that is to say, a stout wire goes from 
the end of the prime conductor to oae of the knobs, and the 
bottom of the box Is connected by means of a chain with the floor; 
the machine is then set in morion until the charge has acquired 
its maximum tension : it inll be known when this point baa been 
attained, by a hissing noise proeeedin^' from the wires connected 
with the interior of the jars, and if the room is dark by their 
luminous appearance ; or it may be ascertained by observing 
when the index of the quadrant electrometer on the conductor 
stands at or about 90^. 

If the outiir and inner surfaces of a charged jar or battery be 
connected by means uf a good conductor, the accumulated and 
latent -f ana — electricities will combine and neutralise each 
other instantaneously, emitring at the same moment a spark and 
n report proportioned to the intensity of the electricity. Hie 
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length of the spark is measured by observing the distance between 
the couducting body aud the knob of the jar at the time of the 
diiobarge. 

The Lejden jar, as it it called^ was invented by Kleist, 
074^9) dMn of theohi^ter at Camin* in Pomerania : instead 
of iinibily the inside was filled with water, and for an outer 
eoatingy the wet hands were used. A metallic coating was 
afterwards substituted. Sometimes instead of lining the 
inside with tinfoil, the jar is filled with iron filings, or 
turnings, or the glass is washed with varnish, and iron filings 
are sprinkled on it. To render the insulation complete, the 
uncovered part of the glass is washed over with a solution of 
sbell-lao. 

Eiaetrieal batteries have this advantage over Jars of large 
dimensions, that they can be enlarged or diminished at plea- 
sure, by«orobining a larger or smaller number of Jars, and also 
that the fractureof asingle jar does not put a stop to the use of 
the whole battery, as would happen if one large jar were used. 
Their size may be very various, it will depend not on the 
number of the jars, but on the amount of surface they offer 
covered with tinfoil. The largest batteries ever made were 
those used with V. Marum's plate-machine (§ 484.); one of 
these consisted of 225 single jars, each having 1 square foot 
of tinfoil } it was oontained in 15 boxes ; another, made 
afterwafds^ consisted of 100 Jai% contained in 4 boxes, and 
presented n metallie suHaee ii 550 square Ibet 

When a number of experiments are performed with jars 
or batteries in rapid succession, the intensity of the charge 
may he estimated by the number of turns made by the 
machine ; the usual mode of measuring is, after all, by the 
length of the spark. To measure this and so at the same 
time the power of the machine, and also to obtain a number 
of successive charges of equal intensities, we use Lane's 
dkarging-jar or tpark-mmtunr. It is a Jar of the ordmary 

slae^ having a metallie surftoe of lh>m ) 
I6f. • * foot to a foot (Jl0, 1^.)» but to the con- 
ducting wire a 6 an arm cde is attached^ 
the horisiNDtalipart cd of which is of glass 
washed over with shell-lac ; the vertical 
part de is a brass wire having a ring at e, 
in which a graduated bar slides, terminat- 
ing in a ball at o : on this scale the dis- 
tance of the balls, and consequently the 
length of the spark, can be measured. To 
use this instrument connect the end m of 
the boh by means of a chain with the 
outer suifoee of the Jar you propose to 
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charfije. If the knobs n and b are placed very near together, 
a small charj^e will siifTiee to cf.mhine the + and — elec- 
tricities of the inaer and outer coatings, the intervening 
strattttn of air being penetrated by the spark ; but if the 
dbtance be increased, then a more powerful charge will be 
required before the spontaneoiia discharge will take place. 
If the same distance IS maintained between die balls, the 
discharge will always happen when the same quantity of 
electricity has been accumulated. To test the relative powers 
of two machine*?, you would plncc the balls at the same dis- 
tance, and that would be considered as the more powerful 
machine which discharged the jar with the least nunilier of 
turns. Riess used this apparatus as a unit ot measure for 
estimating the intensity of the charge of a battery. For 
this purpose he insulated the battery, and connected its outer 
surface with the ball 6 of a Lanels Jar, eonsequendy with 
the interior of tlie latter. Lane*8 jar was thus charged with 
the + electricity repelled from the outer coat of the battery* 
The number of the charges made by the jar, Riess took as 
the measure of the quantity of electricity which the battery 
had received from the conductor of the machine. If the 
number of discharges made by the jar be divided by the 
surface charged, the quotient wiii be the density oi the ac- 
cumulated electricity. 

The following simple eipertment will render vbible the 
xepulston which takes place in charging a jar: — 

First Expt. Powder a gla^ plate or a cake of resin with 
semen lycopodii, and insulate the outer coat of a Leyden jar 
by placing it on this plate. You will observe as each spark 
goes from the conductor of tlic machine to the IwiU of the jar, 
that the dust lying on the plate of glass is repelled in rays 
from the periphery of the outer coat of the jar. 

In like manner, several jars may be charged by a single 
one in connection with the conductor of the machine, the 
electtidty driven off from the outer coat of each jar cifeedng 
the charge of the next, each of the Jars being properly in- 
sulated. The following experiment will illusttate thia : 

Second Expt, Place the jar A (Jig, 163.) on a plate of 
glass or Indian-rubber, so that its knob shall be about * 
I inch or 11 inch from t!ie conductor. Insulate the jars B 
and C m like manner by standing them on pl?ttos of glass, 
b and c, and bring their knobs as shown in the diagram 
within about 1 inch of the outer coat of the preceding jar ; 
against the outer coat of the laiit jar C place a conductor D 
not insulated. When a spark is emitted from the conductor 
of the machine to the knob of the jar A, there is emitted a 
spark between the outer coats and the knobs of the otber Jai% 
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Fig, 163. 




caused by the + electricity which is repelled, and the con- 
ducting hody Vi receives simultaneously the electricity re- 
pelled by C, and conveys it away into the ground. 

Jars are commonly charged with + electricity ; but if it 
18 wished to charge them with negative eleetrieity aod the nm* 
ehine has Bueh a conductor, it is merely necessary to present 
them to the negative conductor instead of to the positive ; but 
in that case the cushion must not be connected with the earth, 
but in its place the positive conductor must be so connected. 
A jar mny even be clmrijed with negative electricity J^t the 
positive conductor by holding it bv the wire wliich has 
a knob at its extremity, and receiving the spark on the outer 
coat of the jar, or the jar may he insulated, and its outer 
coat be presented to the conductor, and its inner one be 
connected with the earth i in either case it will be seen 
without fiirther expUmation that — electricity becomes ac- 
cumulated in its interior. 

As has been already stated, the discharge of a jar or battery 
by means of a good conductor is attended with the emission 
of a strong spark • the discharge may, however, also be ac- 
complished gradually by means of a bad conductor. Alter- 
nately touch with any conductinjr body the inside and the 
outside of an insulated jar or battery that has been previously 
charged, and each time you will perceive a feeble spark of 
free dectricity from each coating, lliese sparks become less 
and less dbtinct until the electricities accumulated both in* 
side and outside the jar are neutralised* and the discharge is 
completed. A jar may also be quickly discharged by pre- 
senting to its inner coating, or, what is the same thing, to the 
knob of the wire that is connected with it, any metallic 
point or a piece of touchwood. The atmosphere also effects 
a discharge whose rapidity depends on the moisture of the air. 
Hence are deduced those precautionary rules which must be 
observed in tlie performance of electrical experimenti», so as 
to avoid a needless expenditure of the accumulated elec- 
tricity. 

If several conducting bodies be presented at once to a jar 
or battery, it will discharge itself by all of them* in propor- 
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turn to their retpeedve eonduedng powm ; benee^ « loaded 

Jar may be discharged with both hands without any Tcry 
sensible effect, by holding a chain in the middle in the two 
bands, and di5;charging the jar by the cnda of the chain 
passed between the fingers. 

Sometimes it happens, that during the process of charging 
a jar or battery, it will spontaneously discharge itself ; this 
it will do through the glass at some point where it is unable 
to renst the tentioii of tiie antagonial deetrieitieit which, in 
their passage through the gUns, are oceadoiuJly found to 
make a bole through its substance. A jar that has been 
thus damaged is usdkas Ibr electrical purposes afterwards. 
A spontaneous discharge does not noeoKarily cause • jar to 
be pierced, if the stratum of air separating the inner and 
outer coatings be penetrated by the spark, which will hap* 
pen whenever the distance between them is less than the 
length of the spark answering to the charge at that moment 
contained in the jar. 

The following pieces of appaiatas are used to elftet the 
easy and safe discharge of jars and batteries : « 

1«) Th$ eemmim di$ehargtrf wbieh is merely a glass handle, 
at tlie extremity of which are two bent wires terminating in 
knobs. They are provided with a sort of hinge, to admit of 
their being opened to any convenient width. When a jar 
is discharged, one knob is brought to the outer coat, and the 
other is made to approach the knob of the jar. To discharge 
a battery, fasten the chain connected with the lining of the 
box to one knob of the discharging rod, and bring its other 
arm towards some conductor that is oonneoted with the inner 
coatings of the battery. 

8.) jEMtjf$ univemd dkdiarger (fy, 164.) consists of 
two copper wires a fr, which are insulated by being placed 
on two i^ass pillars $ these wires can be moved freely in 



Fiff. 164. 




their sockets, and set at any particular distance apart, so as 
to convey the charge through any object laid on the little 
table t. The ends b are generally in the form of rings, for 
the sake of banging chains to them the knobs at a can be 
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removed at pleasure, so that the wires may terminate in 
points. To discharge a jar or battery by means of this ap- 
paratus, attach a chain, which is connected with the outer 
costing to out of tbo rings b ; connect the other ring in 
A similar manner with one arm of n common discharging 
iod» and place its other arm in coDtact with the knob of tlie 
Jar. 

Even after a discharge has heen thm made, you will in- 
variflhlv find a greater or less rosiduuin of electricity in the 
jar or battery. This cati be got rid of by repeatinp^ the dis- 
charge several times, until the electricity ^vhich adlicred to 
the surface of the glass has been removed. Kiess found 
that the quantity of eleetridtj lost by the first discharge 
amounted to | J of the entire charge. 

F^tfaday and Rieis have both, among modem cleetrician% 
distinguished themselves by their delicate eiperiments and 
their investigeidons into the nature and properties of electrical 
charges: the last-named philosopher has, indeed, fndfa- 
TOured to diicover the law which regulates them. 



§ 4a& 

The disdiarge of a jar or betlery is the Instsnt when the dee- 
trical forces, in their primary state of activity, paw from a state 

of tension into their secondary condition, known as the eUciriml 
current (§ 473.) The equilibriura which subsisted between the 
± electricities accumulated ill the inner and outer coatinijs of 
the jar is destroyed, the two fluids are set in motion, uud at that 
instant their neutraiization takes place. This electrical action is 
carried on along the conductor joining the two coatings, and as 
Wheatstone has lately shown, by means of a simple experiment, 
the moipement of the fiuids undoubtedly takes phice in opposite 
directions from the two coatings. Hence, in fiwt, there me two 
currents moving in contrary directions; that which issues from 
the positive coating is called the potiHm current, that which pro- 
eeeds Irom the negcUive^ the negative current. Aa it might cause 
confusion to speak of both currents, when our attention will be 
confined to one only, we shall say, once for all, that when no ])ar- 
ticular distinction is made, the positive current is to be under- 
stood. « 

This current, or the propagation of the state of quiescence, 
is of 10 short a duration, that it may be r^jarded as mammUuy, 
IVbeatstone's eiperiment has lecentiy fumufaed us with an ap- 
proiimate measurement of its duration, from which it appears, 
that in a copper wire it traTelled at the rate of 288^)00 ndlea in 
aseeond. 
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AS vHTsicAL norxBXils or tbb xlbcteic cumbmt. 

The different phenomena which character! the electrical cur- 
rent, and wliich we licive briefly noticed already (§ 476 ), are 
caased by the neutrahzatiun of tiie ± electricities in all bodies 
that form parts of the circuit thus iflstantaneoiisly traversed. 

If the circuit passed over by the current of electricity be inter- 
. rupted at one or more poiati^ there will be a spark at each of 
these intervals, indicating the dir*!Ction ukea by the fluid. The 
light is generally white and intensely bright ; under certain cir- 
cumstances it is coloured ; its duration can be estimated only ap- 
proximately by calculation, and h less than the millionth part of 
a secj^tid. We may infer, that sensible caloric is combined with 
the lii^^ht, as tiie spark in its passage consumes sui)stanees which 
can be burnt only by llie application of a considerable heat. 

If other nop-conducting bodies, besides the atmosphere, form a 
part of the electric circuit, and if the resistance they ofo to 
the eombination of the ± electricities be less than the force with 
which these tend to unite, then the bodies so interposed will be 
penetrated by the electric qpark which, in its passage, will sud- 
denly expand them, or even cause a disruption of their parts. In 
such cases, the electric spark cxliibits, on a small scale, the same 
phenomenon as the iighttiini: displays on a grand scale in the 
electrical processes of the atmosphere. 

If the ± electricities resume a state of quiescence in conductors 
which offer an inconsiderable resistance to their combining, they 
disappear as O electricity, without any luminous or thermal phe- 
nomenon being developed. If, on the contrary, the conductor 
has a high retarding power, in proportion to the quantity of ± 
electricity which is to be neutralized, then the temperature of 
such a body will be raised, and the greater the resistance it op- 
poses, the greater the heat it will acquire ; so that even the 
hardest substances become incandescent, or are fused, or are even 
driTeii otl in vapour. 

Another purely physical property possessed by the electric 
current is its power ot affecting magnets within a certain dis- 
tance. This influence is displayed, partly by its disturbing the 
state of magnetic equilibrium, and partly by attracting and re- 
pelling magnetic substances. As Uie effect produced is only 
momentary in its duration, these phenomena are not so charac- 
teristic of the electric current as when caused by the permanent 
current which contact electricity generates. For this reason we 
merely notice the well-established fact, that the momentary elec- 
tric current has this magnetic property, reserving the closer con- 
sideration of the suliject to that section of this work which treats 
eq>ecially of electro<inagnctic phenomena. 

The momentary electric current is further characterized bj 
peculiar physiological effects, exciting convulsive movements in 
any living animal that forms a part of the dreuit. At the instant 
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the current is tmn*;mitted through the frame the nurves are ei» 
cited, and the muscles contract \^ \th more or less violence, and 
even alter the death of the aoimai these movements continue to 
be perceptible. 

If the eitrrent be tnomitted through any imperfect eoodiietor* 
eqiceielly throiigh a moid sabstance es water* its properties aie 
• materialij affected. The spark aocompanying the discbarge of a 
|ar into such a body Is short* dim, generally of a violet colour, 

and unattended by any report If the human body form a part 
-of the circuit, the current excites no inuscuiar contraction, but a 
peculiar prickinjr sensation, it is remarkable that gunpowder 
can be i^rnited only by such a current as this; when a s]).irk. is 
transmitted from a good conductor, it has no etiect oa the 
powder. 

Lastly^ the eurrent poswsaes chemical properties decomposing 
into tfa«r constituent dements^ such ehemical scrfutions as admit 
of being easily resolved. The effects thus produced are not Tery 
powerful* as a continued eurrent is required to effect most chemi- 
cal decompositions, and we can o!)tain only an approximation to 
it by transmitting a rapid succession of sparks through the so- 
lution we wish to resolve info its clLiiicnts. 

The princip;i! l \}n ri:iu nf ^ I'dv illustrating the above-named 
properties oi the eiecuic currcut will be described in § 491 

— floa 

Wheatstone foimd in his important experiment, that when 
a Leyden jar was discharged by means of a long copper 
.wire, the continuity of which was interrupted in the middle 
and also near to the coatings of the jar, that the sparks ap- 
peared simultaneously at the ends of the wire, but tlmt in 
the middle it appeared later. Hence he inferrt'd, tlmt an 
electrical stream issued at tlie same instant from buiii the 
surfaces of the jar, and that they met a little afier in the 
middle of the wire. The ingenious contrivance U lieatstone 
then adopted, enabled faim to measure the velocity with 
which the light travelled, and also the time it continued 
Yisihle. The breaks in the conducting wire of his appkratns 
were placed in a straight line, so that the break in the mid« 
die of the wire was between the other two ; exactly oppo- 
site he placed a small metallic speculum, in which he could 
view the images of the three sparks ; the mirror was made 
to revolve with great rapidity about an axis j)arallcl to this 
line. Now, as the image of an object seen in a mirror ap- 
pears to be prolonged, if the mirror be turned on an axinf it 
ii obvious that the rotation of Wheatstone^s mirror gave to 
the three sparks the appearance of three parallel lines, which 
would of necessity begin and end at uneven points* if there 
were any pcfcqitihle intenral of time between the im^es of 
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the i|iirlct being received on the mirror. The important 
lesult was noir obtained, that when the velocity of the mir- 
ror's rotation was small, the po«iition of the lines was even, 
thus, I— -.— -'^^r: ; but when the rate at wliich it turned 
was sufficiently accelerated, they assumed this appearance 
— , when the mirror revolved towards the right 

hand, and if towards the left; but under nocir- 

cunistaiiees did tbe linee eUnd that — — , as thiy 
miMt have done had tiie current been ttansmitted from one 
eitremity of the. wire to tbe other; and had its pesMge oe- 
eupied any perceptible space of time. From a consider* 
alion of these facts, this philosopher inferred that they did 
not aHmit of being accounted for on the supposition that a 
single tiuid traversed the wires, but that we must assume 
that two fluids enter the opposite ends of the conductor at 
no perceptible interval of time, but that they traverse half 
' the lengtli of the wire in a space of time that admits of being 
measured. 

Again, as according to catopti lcal laws (§ 291.3.), the 
image of an object in a revolving mirror has twice the 
angular Telocity ci the latter : it follows, that if the mirror 
in one second makes a revolutions^ the image of the spark, * 
supposing it also to last 1 seeond> would make S a, 360^. 
If the image of the spark make an arc of ( degrees, it would 

have continued lummous — ^ of a second. When the 

720a 

mirror was made to revolve 800 times in fi second, the 
iraaj^e of the spark at a distance of 10 feet, appej*rod to an 
eye placed close to the mirror, to make an arc of not quite ^ 
a degree in length. In this case the arc of the spark 6, must 
be less than ^ a degree ; and as a = 800, tlie duration of such 

Spark must be less than - — — , I. e. mher less than 

720 . 800 

0*00000087 of a second. — Of this inttantaneous but in- 
tensely powerful effect of the electric spark, any person may 
satisfy himself by looking at a disc by this light; tbe dise 
should be made to revolve so rapidly, that the images de* 

picted on it cannot be distinguished with an ordinary degree 
of light because their impressions become confused in the 
eye. (§ 347.) Viewed l)y the illumination of an electric 
spark, such a disc seems stationary, and the objects painted 
on it are seen in their true form and position. If one of 
Kewton's coloured wheels ij24.) be viewed in the same 
manner, tbe individual sectors will be seen of tbdr funda^ 
mental colours, notwithstanding its rotation; yibrating eords 
seem to be in a state of repose m thehr undulations; and a 
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succession ot drops which generally appears to the eye as a 
connected stream, is seen to be but a series of drops, because 
the impression of each imajre lasts for so short a time, thai the 
position of the nujviiig bodies is not altered. The following 
experiment will confirm what has been Just advanced : -— 

Expt, Place the two balls of a univetaal duebarger (/^. 
164. aa) about an inch asunder ; connect one of the wires b/ 
a diain with the conductor of the machine, and the other in 
like manner with the ground. As th^ machine is turned 
round intensely bright sparks will pass at intervals from one 
of these balls to the other. A small I.ane^ jar may be used 
instead, HTid thus a still more intense spark will ho obtained. 
— If a rapid rotation be imparted to a parti-coloured disc, 
or to a spiral wire held near the place where the discharge 
takes place, the phenomenon described ubove will be plainly 
observed as the sparks are enutted. 

The length of the wire^ along which Wheatstone eon* 
▼eyed the electric current, was ^ an English mile $ to go 
over half tbb distance, or ^ of a mile, it required about 
OHXX)00087 of a second; whence it follow^ that its velocity 

in 1 second was 5 of a mile, or 288,000 miles. 

0*00000087 

Wheatstone announced his important fliscovery in 1835, 
in a lecture which be read before the iioyai iiistitutioii. 



§ 489. 

Another kind of apparatus, called a condlnissr,. depends, like the 
Leyden jar, on the induction of electricity, and on its bein^ held 
in a latent state. Tliis instrument is used to dttect the presence of 
electricity, and to determine its kiu(i in bodies where it exists with 
so hm- a decree ot intensity, as not immediately to aftect the most 
sensitive electroscopes, requiring to be collected and condensed 
before it gains a sufticient degree of tension to cause the elec* 
troscopic bodies to diverge. 

It consists (fiff. 165. ) of two circular discs 
Fijf* 165. of copper or brass, ce, 6 6, whose touching 
P^i/i surfaces are highly poUshed, and betweeq 

which some feeble non-conductor is inter- 
posed : this may be either a thin film of air 

~. j retained between the two plates by three 

drops of sealing-wax beinpj so placed near 
the edges of the plates as to keep them 
asunder ; or else their surfaces may be done 
over wilh a thin and uniform coat of var* 
nish. P&ff recommends that amber varnish be used for this 
wou m. B 
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purpose, as being a good insulator, and less liable to be abraded 
than utlier varnishes. The upper plate c is called the collector, 
the lower one b the hate. Both are fbmished with glass steins 
m «a so that fbe eoUector, by means of the handle m, may be 
detached in an insulated state from the base. To connect the 
base with the ground, attach a chain to the wire b a, hsTUig a 
knob a at its extremity. — Some bad conductor, such as white 
marble or dry polished wood, will do for the base instead of 
metal ; the collector then will not require to be varnished, and 
the connexion of the base with the j^roiind may be dispensed 
with. Instruments made in this manner act more imperfectly 
than the others. 

The apparatus is thus used : — Place on the collector c, or 
connect with it, the body whose electricity you wish to investi- 
gate; touch the ball a with your finger: the electricity thus 
transmitted to tlie collector acts by induction throuj^ the thin 
non-conductor on the base, and confines its opposite electricity in a 
latent state, repelling at the same time its similar electricity. 
As now the base is coimected with the groiind, a constant supply 
of neutral electricity is conveyed to it, which in its turn under- 
goes a similar decomposition. This process lasts until the 
condenser lias received the full charge answering to its surface. 
Baise the collector, whidi you lay hold 43i by its glass stem fa, 
suddenly, keeping it parallel with the base, and the latent elec- 
tricities will be again set free. The electricity of the body under 
examination will have accumulated itself in the collector, and 
the dissimilar electricity will be found in the base. Pkresent the 
collector to any delicate electrometer or electroscope, and the 
accumulated electricity will be measured. 

The most convenient arrangement is, when the base is screwed 
on the conductor of a delicate electrometer (ex. gr.^ Bennett's, 
Oersted s, or Becquercl's, § 480.}, in which case the mode of ex- 
perimenting is slightly di&rent. The body to be examined is 
put into immediate contact with the under plate b (Jig. 1 53. )b to 
which, for this purpose the metsl pin with the ball is attached, 
and by means of the finger you connect the condenser with the 
jg^ound. After the electrical body has remained a sufficient time 
in contact with the ball a, it is to be removed, and the conductor 
e lifted up by its glass stem, by which means the electrometer 
immediately shows the electricity set free in the lower plate h. 
In this case, the apparatus is exactly reversed from what it was 
in the other experiment^ the lower plate being the conductor and 
the upper the base ; however, the latter may be put in contact 
with the body under examination, and the lower can be connected 
trith the ground, in which case it is readily seen that the electro- 
meter must indicate the opposite electricity. 

Though in most cases a timfU tondmnr of ihe kind 
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described will be sufficient to condense the tensible elte* 

tricity, or to iinpart to it the requisite degree of ten*;!rn, 
yet tliiij dacs not always liappen. A second coiuleiiser witli 
smaller plates must then be used, to which the electricity 
already accumulated in the greater one may he transmit- 
ted and condensed a second time. This double condenser, 

originally inventod by CutlibertsoBi and slnee iimplified bj 
Peelety eonstrts of three disesof plate-glaas, the whole 'sur- 
fiuse of which ii covered over with leaf-gold* The lowc«t>' 
which we will call a, is attached to the conductor of an 

electrometer, and its upper ftce is varnished over: the second 
plate h lies on this, and h varnished on both sides. A small 
copper gilt stem is fastened on one point of its circum- 
ierctice, and in the middle it has a glass handle like a 
common collector. The third plate c, which is to come on 
this second one, is varnished only on the under-side ; it Itas a 
hole drilled through the middle, and is fhmiihcd with a glass 
tube which incloses the glass stem 'Of h, but is rather 
shorter than it* This double construction effects the re- 
peated condensation in the following manner : — Lay the 
body to be examined on the upper plate c; touch the 
middle one 6 so as to establish a connoxion between it and 
the ground; lift oH'c, and touch « in a like manner. Re- 
place c, touch it agaia with the body and repeat the former 
process, until at last, by means of the glass pin, the plates b 
and c are lifted up togeiUer, when the wliole of the elec- 
tricity accumulated in the undermost plate becomes sensible, 
as may be seen by the divergence of the electroseopic bodies. 
Since brass and eq>per plates can,' by the galvanic pro- 
cess, be io mdily gilded or covered with platinum, it will 
for many reasons be advantageous to use such discs instead 
of glass plates. 

Volta, in 1783, invented this apparatus, which is of great 
value, as by means of it the existence of sensible electricity 
has been discovered in many bodies on their being brought 
into contact with each other, as also in many chemical and 
atmospheric processes, in which the presence of electricity 
could not Imtc been detected by any other mode. 



$ 4da 

The (lectropJiorus is also an apparatus invented by Volta, 1775, 
which possesses the property of maintaining for a length of time, 
by its induetive process, the electrical tension which friction had 
excited in a uon-conductor. 

It consists of two principal parts, vis. of a eommon circular 

B 9 
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level disc of resin ('?>,^<7. 165a.)ancl aliras^ 
f Fig. 165a. plate a; the cake of resin which lies in 

ji a metal mould, or plate, is tlu' l)asc of the 

electrophorus; and the brass-plate, which 
should be perfectly round and smootby 
f t 7 ' * » ^ ». n is insulated by means of a glass handle 
1"™*™'*'''™]^ g* This instrument is thus used: — 

The resin is rendei^d negatively elec- 
trical by friction with a cat*s skin. The sensible electricity now 
acts by induction through the mass of resin, which should not be 
more than \ an inch in thickness, reducing to a latent state a 
quantity of + electricity on the opposite side corresponding to its 
own attractive force; by this means both the — and + electricities 
niay be retained in a latent state for months or even years. If 
the brass plate be laid on the cake of resin, it also is rendered 
eleetFO*polar by induction. In this state tiie folhnring pheno- 
mena may be observed in the electrophorus 

Efp* 1.) Lay the brass plate on the resinoufl snriheet 
touch it with your finger, and a small spark will be emitted 
from the brass. This is owing to the <- electricity being 
repelled by the induction of the cake ; the + electricity of 
the brass, on the contrary, is held in a latent state by the — 
electricity of the resin. 

2.) A similar effect follows if the base be insulated, the 
resin rubbed, and the finger laid on the mould or frame that 
contains it. In this case it is the + elertririty of the raould 
which is rendered sensible by the induction of the under- 
surface of the resin. 

S.) Touch the brass plate so as to carry off its — electricity, 
lift it up by the glass handle, by which means it will be 
insulated, and it will emit another spark. Now the + elec- 
tricity is rendered sensible, which was before held ju a latent 
State by the resin. 

4. ) Raise the plate again in an insulated condition by its 
handle, without previously touching it, and if the apparatus 
is in good order it will not be |kt all electrically excited. 
This is owii^ to the -f and — electridtiest which had been 
kept asunder by the Inductive influence of the resin, com- 
biningv and thus neutralising each other after the brass had 
been separated from the resin, 

5. ) Replace the brass plate, touch the mould with your 

thumb, and lay one finger on the brass plate, and you will 

experience a slight shock in vour hand. T?y this contact 
the — electricity, of the plate l)L'in^:: repelled is counteracted 
by the + electricity of the mould, the antagonist tiuids 
meeting in your hand* JSow raise the plate by. its gla&s 
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haiulle, thus insulating it, and the 4- electricity it contained 
in a latent stale will be emitted with a spark. 

Tbat the dlnimilar eleetricides are rendered sensible in 
the manner just described, may readily be shown by a 
BecquereVs eleotroseope. 
From alL that has been advanced* it is evident that the 
elcctrophorus acts precisely in the same way as a Franklin's 
plate (§ 487.) ; it may therefore Ix? charged like it, by conducting 
ex, gr, — electricity to its brass plate; the fluid will then adhere to 
the surface of the resin just as if it had been excited by friction. 

An electrophorijs may also be used instead of a small electrical 
machine, as we can draw sparks from the plate when litud up, 
tffker it has been put in contact with the cake, in precisely the 
same manner as from the positive conductor of a machine.' This 
may be repeated indefinitely, by replacing the plate so as to 
establish contact between it and the resin, and then removing it : 
to ensure that these surfaces do actually touch, lay a piece of 
tinfoil on the cake, which will cause the sensible + electricity of 
the mould to combine with the — electricity of the plate each 
tLuic the latter is replaced. That the electricity of the rcshi is 
not carried off and weakened, may be thus accounted for, that it 
acts, not by cotuUiction, but solely by induction ua the neutral 
electricity of the brass plate. 

The power of an electrophorus depends on the sise, hard- 
ness, thickness, and polish of the cake of resin, and on the 
accuracy with which the under*surface of the plate fits it ; 
the most important point to be attended to is the quality of 
the resin. Robert says that the best composition is 10 parts 
of gum-lac, 3 of colophon, ^ of wliite wax, 2 of Venetian 
turpentine, and \ a part of pitch ; an electrophorus thus 
pr I pared will both give out a large quantity of electricity, 
and will also re taiii it for a length of time. Pfaft* recom- 
mends a mi&ture of 8 parts of colophon, 1 of gum-lac, 
and one of Venetian turpentine. As a good electrophorus 
retains for a long time the electricity rendered sensible in it, 
it is frequently used for igniting a jet of hydrogen gas in 
Volta's inflammable air lamp. 

n. THE PKtMCIFAL nSCES OF AFFARATVS VSEII WITH AK BtKCTRICAL 
JfACUINK VOa THE FEEPORMAyCI OF EXFCBIUJEMTS. 

§491. 

Having become acquainted with the laws of electricity and 
with its fundamental properties and modes of action, as also with 
the construction and use of the most important kinds of electrical 
apparatus, we will now proceed to describe some of tlie chief 
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esperitneiite in eleetiieitj* wliidi may lem to lUuttiite and eon* 
firm the explanation already giTen. Some of these experiment* 
ean be performed by means of the electricity of the conductor of 
anelectrical machine in full work,* while others will requires 
greater quantity of more intense electricity, for attaining which 
we shall be obliged to use jars and batteries. 

I. Electrical motions generated by the attraction and repulsion 
of electricity in a state of tension : — 

JExpt, 1.) The dancing Jigurei and pith haOs, The ap« 
paratus employed In tida experiment eonsiata of a^ round 
metal plate (aa^Jig. 160.), suspended from the condnetor 
of the machine ; 66 is a similar plate placed beneath the 
other and parallel with it ; 66 ia connected with the ground; 
ee ia a glass cylinder between the two. By tummg the 
machine, a a becomes + electrified, and hb bv induction 
negatively Jio. Some light bodies, pith balls or pith figures, 
are laid on the lower plate, and as they become excited tliey 
are alternately attracted and repelled. The figures may also 
be made to dance, by holding a common l)ell glass over the 
end of the prime conductor for some time, whilst the machine 
is in action, and then placing it on a plate containing the 
figures, the metal plate bSng in eonnectbn with the 
ground. 

qdder. In fg, 166., L represents 

the Leyden jar, to the outer coatin«; 
of which a wire is attached, having a 
knob b at its extremity. If the jar be 
charged witli positive electricity, a is + 
electrified, and 6—. Any light sub« 
stance, such as a spider or other toy, 
cut out of pith, suspended between 
these two bidls, provided also that it 
be insulated* will be altematdy at- 
tracted and repelled by a and 6 until 
the jar is discharged. 
&) The deetrieai 99§»$aw (ab,Jig. 167.) is a small strip 

of wood covered over with sil- 
Fig, 167. ver leaf or tinfoil, insulated on 

c like a balance. A slight pre- 
a ^ JB j^ j^ / ponderance is given to it at «, 

? ^cy ***** ** ****** ^ * having 

jL-***^!! n * ^auAi m on its top ; is a 

■ ' ' similar metal ball inndaM. 

Connect p with the interior, and 
m with the exterior coating of the jar; charge it, and the see- 
saw motion of a 6 will commence from causes similar to those 
which excited the movements of the pith figures. 



2.) The electrUal 
Fig. 166. 
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4. ) Tk€ Atbrieal heUs {fig. 168.) mm is a bar of metal* 

from which three bells, hah^ bang, 
and between them the clappers^ cc. 
The Ih?!! a is attached to a wire, but 
the other two h 6, and the clappers c c, 
are suspended by silk threads ; the 
bells 6 h are further connected with 

T\/j ^ \ tile gnmnd by meana of cfaaim. Thia 
f <r ^ apparatita ia etcher fratened by tha 
c= beU o to the eonduetor of m Layden jar» 
or else it is hung by the ring r to a 

chain attached to the prime conductor 
of the machine. When the jar is 
charged, or the machine set in motion, 
the l)ell a is + electrified, and the other 
two hh are -—electrified ; hence the clappers cc between 
them are alternately attracted and repelled. 

5. ) 2%e «lMMal aottott. A liaiik of cotton, or a downy 
Ibalhen aoapcDdad by a thread from the prime eonduetor* 
ezpanda in all direetiooa when the machine ia ael in aetion, 
the fibrea aeeking for aome object connected with the earth. 
Present a needle or any pointed thing to them, all the ends 
of the cotton or feather will be drawn together towards it, 
away from the conductor of the machine ; a bundle of silk 
or glass threads would act in a similar manner. If a person 
stand on the insulating stool, and lay his hand on the con- 
ductor whilst the machine is at work, the hair of his head 
will stand out in the aame way. In this instance the nmi- 
krly electrified parta of a body are mutually repulnve. 

6. ) 2^ d&Dliical cAoawr. A jet of water from a amall 
Hero*a ball or a ayphon, insulated and connected with the 
prime conductor, falls down in a fine shower. A very 
simple modification of this apparatus is represented in 
fig. 159. a is a metal cylinder hung by a chain from the 
prime conductor; water is poured into it, w^hich is conveyed 
away by the glass syphon 6, and the stream is dispersed into 
the finest mia as it descends, when the machine is set to 
work. 

1.) Tkt AetHcal whuL The fiame of a candle hdd near 
to a point or amall hall attached to the prime conductor, 

will be eitinguished by the current of 
electricity, caused by the repulaion of the 

electrified air. 

8.) The electrical fig-wheel. A metal S 
or cross (fig. 169.) turning on a point 
which is fixed on the prime conductor, 
or on the knob of a Leyden jar, revolves 
£ 4 
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on the Slime principle as Segner's water-wheel (§ 165.), or 
as the steam b«ll or aeolipila (§ 419.)* in an opposite di- 
rection to that in which the electricity Issues. 

§492. 

II. Difference ehurmM in Me •f and — dtelneUietf shown 
partly by their luminous appeftrance> and partly by their mecha- 
taieal effects. 

Expt. 1.) The electricity emitted from a small ball, 
or from a rounded point attached to the prime conductor, 
radiates in a stellated form, with a reddish blue light. 
That discharged iVom a siTiiilar kn(i!) or jioint of the negative 
conductor is seen as a luiuuious point or .star. 

Bring a pointed body near to the positive conductor, and 
you will have a luminous speck, offer it to the negative con* 
ductor, and the light will be seen to radiate in all directions. 
Hence it appears that wherever one of the electricities is 
sensible, the other is always attracted to it, and, consequently, 
that none of the electricity is absorbed in the points which 
are brougiit together, but thnt + electricities are merely 
brought into a state of quiescence. 

2. ) Discharge a positive spark on a polished resinous 
iiuiiace, iroin the knob of a loaded jar, and on another part 
of the same sur&ce discharge a negative spark ; the + and— 
electricities will be retwned, in a latent condition^ on the 
spots against which they were respectively directed. Now, 
sprinkle the resin with semen lycopodii, flowers of sulphur, 
or any similar substance, and particles of the dust will be 
attracted and retained by the electricities. Blow away the 
rest of the powder from the surface of the rcsinov.s body, 
and at the spot which was positively electrified, you will see 
a radiant star-like figure; at the negativtly electrified spot 
there will be merely a round clouded speck. These figures 
have been called from their discoverer, X,jcAf€n6erp'i^_^iiref, 
— Use of metal rings or bells in electrifying the resinous 
cake. — Letters or other figures depicted by means of a- Ley- ^ 
den jar. — . Utility of warming or even melting the surface of 
the cake before the experiment is performed. 

3. ) Electrify in a similar manner a cake of resin, positively 
in some places and negatively in others, and with a soft 
piece of linen spread over it a mixrure of flowers of sulphur 
and red oxide of lead. The positively electrified spots will 
be yellow with sulphur, and the negatively electrified will be 
red with the lead. In consequence of the friction caused by 
the linen rag, the sulphur attracts the — and the lead the 4- 
electricity ; the ditsimilAr electricities are accordingly repelled 
from those particular spots. 
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4.) Place two Leyden jar^ of equal size, the outer coat of 
one bcin^ positively, and thnt of the other negatively 
electrilk'd, from 3 to 4 inches asunder on a glass plate, the 
upper side of which is sprinkled with semen lycopodii, and 
tlie uuder-surface coated with tinfoil. Connect the two 
iDDer surfiuscs of the jan by a common diseluirging rod, and 
a spark will be emitted from their outer sulfides. After 
the dtsebarge, the figures of their respective eleetricities will 
be visible in the dust around the jars, and all the dust will 
be driven away from the path traversed by the spark. This 
path is generally traced over with positive figures from tbc 
positive coatinj^, and with negative figures from the negative 
coating. These marks disappear near the spot wliere the two 
fluids meet, and at the point where the + ekctricities com- 
bined to form 0 electricity, iiierc is frequently to be seen 
a large round speek^ bounded by no figures whatever. 

§493, 

III. Electrical luminous phenomena invariably occur, as we 
already know, where the + electricities combine in their passage 
through the air. They appear as a dim light or glimmer pro- 
ceeding from the electrified body, when the neutralisation of the 
two fiuids is effected immediately by the air itself, as is the case 
when a current of electricity is emitted from points or small 
knobs; but when tlie current is transmitted thronp^h n i^ood con- 
ductor, a spark is emitted at every point where tlie continuity of 
the conductor is broken. The intensity of the electric light 
depends partly on the density of the accumulated electricity, and 
partly on that of the gas through which the spark passes ; the 
denser the medium, and the more intense the electricity, the 
brighter and shorter will the spark be. In rarefied air the light 
is longer, broader, and less powerful ; it also assumes a rose or 
violet tinge; its hue is farther affected by the nature of the con- 
ductor through which the current is transmitted, When sent 
through gold it is green ; through silver, rvd ; through tin or 
zinc, white ; through water, yellow, inclining to orange. On 
these different peculiarities depends the construction of a variety 
of electrical instruments, by means of which the most surprising 
and beautiful luminous efiects are produced. W ant of space 
prevents our briefly describing more than a few of the principal. 
Expt. 1.) The spangledrod is a glass tube some i^t in 
length, on the surfiwe of which spangles of tinfoil are 
pasted in a spiral form, a small space being left between each 
spangle and the succeeding one. A spark transmitted along 
such a conductor appears at the same instant at all the 
intervals.* 

The luminous names, ^tars, and other fii^res are made 
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on the same principle ; they are formed by pasting strips of 
tlnfoU* having br«iks in its continuity at the proper places, 
on A square of glaMi» along whioh a spark is sent from the 
prime conductor. 

2. ) The gpangled pam is merely a Franklin's plate (§ 
487. ), one of whose coats is cut up in small squares. When 
the plate is being charged, sparks fly in various directions, 
somewhat like H<xhtning, between the squares of tinfoil; 
this is owinjr to tlie Induction of the electricity. When the 
plate is discharged, the rays from the puiiit where the dis- 
charge ib eilected i>hout out. like the solar rays. 

A spangled jar is made by pasting the outer eoating in a 
similar manner, of distinct pieces of tinfoiL 

If the spangles be alternately of gold and silver lea^ the 
spark s will have all the colours of the rainboir, 

.S.) The tkdrieal aunm horecdit. — Fkoeure a glass tubct 
two or three inches wide and a foot or two in length, and rlose 
its ends perfectly air-tight with brass caps. A pointed wire 
should be fixed in the interior surface of each cap; on the 
outside of one of them there should be a knob, but the other 
should have a communication closed by a valve, contrived so 
that it may be fitted on to the plate of an air pump and the 
air within the tube be exhausted. Connect the knob of the 
one cap by a chain with the conductor of the electrical 
machine ; and if the tube be set in a vertical position, with 
that knob uppermost, when the machine is worked tliere will 
be a vivid representation of the northern lights, modified 
according to the degree of rarefaction attained by the air 
within the tube. If the exhaustion is nearly perfect, the 
whole length of the tube will be of one violet red colour ; if 
a small quantity of air be admitted, luminous flashes will be 
alternately emitted from the points fixed to the inside of the 
caps. ^ As more and more air is admitted* the flashes, whicb 
l^bde in a serpentine manner down the interior of the glas8» 
will become thinner and paler, until at last the electricity 
ceases to flow through the column of air, when there will 
bo merely a glimmer about the points of the wires, A simi- 
lar phenomenon may be observed in the Torricellian vacuum 
of a barometer, if the electricity he excited in the interior 
surfiuie of the glass by continued agitation of the mercury. 

§ 494. 

IV. A phosphorescent light is emitted by passing a dischart,^e 
over the surface of many imperfect conductors, especially of sucii 
as belong to the mineral kincfdom. Opacjue bodies, and particu- 
larly fruits, are rendered luuiiuotis fur a short time during the 
passage of a charge through them. 
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Expts. 1,) Tl)e following substances arc rendered phos- 
phorescent for some time by the transmission of an electric 
spark through them; they acquire various colours, viz. ; — 

■ 

White chalk, phosphorescent, orange. 
Rock-crystal, at first red, then white. 
Sulphate of harytes, britjht green. 
Calcined oyster shells, the prii>niatic colours. 
DifttiH with sulphur, a steadj bright light. 
Amber acid, green. 
Loaf sugar, green. 

Henley*8 universal discharger will be found extremely 
oonmientlbrpeflbrming these experiments. The substance 
through wbieh you wish to pass the ehaige is to be laid on 
the stand between the wires a a, Jig, 164«» connecting them 
at the same time with a Lane's jar, fg. 1 62., having a sur* 
face of a square foot, or a foot and a half. These two pieces 
of apparatus will be £mnd of great service in the following 
experiments : — 

2.) Place a small melon, citron, apple, or any similar 
fruit, on the stand of the discharger; arrange the wires so 
that their ends are not for asimder, and at the moment when 
the jar is discharged the fruit beeomea tranqiaient and 
luminous. 

Ode or more eggs may be treated in the same manner, if 
a small wooden ledge be so contrived diat their ends may 
just touch, and the spark can be sent through them all. 

Send a charge throTi;:;h a kimp of pipe-clay, a stick of 
brimstone, or a glass of water, or any coloured liquid, and 
the entire mass of the substance wili ior a short time be 
rendered luminous. 

As the phosphorescent appearance induced is by no means 
]M>werful, it will be necessary that these experiments should 
be performed in a* dark room; and indeed the dftct-of the 
other luminous electrical phenomena will be heigihtened by 
darkening the room. 

$495. 

V. Mechanieai efftcti of the condensed tpark discharged from a 
Lej/den Jar, or fin electrical battery. — The electric current exerts a 
considerable mechanical force, in its passage to a good conductor, 
through such bodies as are either-non-conductors, or bad conduc- 
tors ui electricity, expanding, splitting, piercing, or dispersing 
them. If these bodies are liquids, as air or water, their particles 
are thrust aside; and if contuned in vesseli^ the effect produced 
is the same as if th^ had suflbred a momentary expansion* 
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Fig, 171. 




Mxpta, 1. ) KinntrBley*s electrical thermometer (Jig. 1 70. ) is 
well adapted to show the momentary expansion 
of the air when penetrated by an electric 
charge. The glass tube. A, is air-tight ; it 
communicates with B, wUich is open at top ; 
a coloured liquid stands at an equal height in 
the two tubes. When a spark passes from a to 
6, the liquid in B will be seen to rise for an 
instant. 

2.) Close the aperture in a small wooden 
vessel, by inserting a cork or a piece of 
wood that fits exactly ; let there be two 
wires passed through, whose points are about 
a quarter of an inch asunder ; transmit a 
charge along them, and the cork will be 
forcibly projected. 

3.) Fill up the cavity <^ the little 
cup* mentioned in the preceding experi- 
ment, with sand or gunpowder} and the 
passage of the spark will be found to dis» 
perse the latter in all dirt'ctions. 

4. ) Water sulFersso suildcti an expansion that the stoutest 
tubes are burst if filled with it, and a.sjjaik is transiiuttcd 
through the tube, from a wire at one end, to a similar wire 
almost meeting it from the other end. 

5. ) Place several cards together between the knobs of a 
universal discharger, along the wires of which send a charge 
from a jar presenting a surface of not less than one square 
loot ; if the charge be pretty strong, the spark will pierce 
through all the cards, which, if held to the nose, will be 
found to have a peculiar odour of sulphur and phospho- 
rus, like that which may be perceived ui place s for some 
little time after they have been struck with lightning. Wood 
and other imperfLct conductors may be penetrated m a like 
manner. Lay a piece of writing paper on the stage of the 
universal discharger, placing its knol» on the paper at a dis- 
tance of one or two inches from each other ; then transmit 

, the charge, and if the paper was dry, it will be found to have 
been torn asunder by the passage of the spark. 

6. ) Fill a small vial with oil, close it with a cork, through 
which a wire passes, the lower end of it beinrr so bent as 

to touch the inner surface of the glass. The 
other extremity of the wire, which projects 
above the cork, is formed into a hook, that the 
bottle may be suspended from the prime con- 
ductor. Set the machine in motion, and hold 
a metal ball opnoaite to that part of the ^vX 
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which is touched by the wire within, and the sjMirk, in its 
passnfj^o throujrh the prlnss. will ni ikc a hole. 

7.) Lay a piece of tiiiioii, lu which tliere are several 
boles, between two small boards, or two panes of glass ; screw 
them tightly together, and tianamit a pretty strong charge 
through the metaL On releasing the boards, or the pieces 
of glasi^ they will be fimnd to be split* 

§ 496. 

VL EjedtaHon fif heai hjf the dedrie currmf'^Tlm is shown 
equally when the current is transmitted through fine wires and 
when a spark passes through* any combustible substance. In the 

first case the effect h <?enorally greater, the greater the resistance 
oflcred by the wire, and the more powerful the clinrcre given olf 
from the jar or battery ; in the second, the eflect depends princi- 
pally on the readiness with which the body is put in a state of 
combustion, as many substances are ignited by feeble sparks, 
whilst others chn he burned only by powerful ones. 

Expit, Stretch a piece of very fine harpsichord wire 
between the arms of a uniTersal discharger ; if your battery 
is strong enough, you may use a piece of watcli -spring. 
Send a powerful charge through the metal, and it will be 
either raised to a state of incandescence, or it will be melted. 
If the charge is not sufficient to fuse the wire, the Increase 
in its temperature will be marked by its becoming blue. 

Tf the wire be the same, the lenjccth of it fused by any par- 
ticular charge will depend on the surface of the battery and 
on the intensity of the charge ; that is to say, on the quan- 
tity and density of the electricity set in motion * : equal 
charges will thefefore melt equal lengths of the same wire. 
In wires of different metals but equal diameters the length 
varies, and the better conductor any body is, the shorter the 
length that will be melted. Priestley and V. INIarum tried by 
this menus to ascertain the diHerent conducting powers of 
different metals, but the results they obtained arc dtliLient 
in accuracy. More recently Riess has performed some very 
exact experiments, by which he measured the temperature of 
a piece of platinum wire, forming part of the dectrical cir* 
cuit» with a very delicate electrical air thermometer that he 
constructed for the purpose. The principal laws which he 

» A Lane's jar, having a surface of tinfoil of 9 Vicnn.i square feet, =s9-CS 
Kngli&h, was go powerfully di irged by 14 turns of l'ri>t( r's plate machine 
484. )> that ittt spark luelted a piece ol steei wire, No. 12., Id inches in length ; 

and V. Marum*^ great 1»attery, of 580 tqvare feet, fiised an iron wire j^th of an 

Inch thick, and IM^ inches lonf, throwing it offin little red hot globules. 
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ibundt'd on the results thus obtained are the following ; — . 
1.) The increase of temperature in the wire through which 
the cbarp^e was sent is, other things being equal, proportional 
to the quantity and intensity of the elecUricity. 2,) If the 
wires of the laiiie metal hsvs diffimnt thkknttisei, tiisii the 
ineresse in thtur tampenttnreswill be inTersely as the biqiift» 
dntes of their mdti* their lengths being cquaL IS.) xhe 
quantity of heat liberated io a wire by any partieular diarge 
is cliiectly as the length, and inversely as the transverse seo> 
tion of the wire. 4. ) The increase of temperature of any 
wire forming part ot" an electric circuit, is inversely as the 
duration of the discharge. 5.) In diflerent wires connected 
together, through which a battery is simultaneously dis- 
charged, the quantity ot heat developed is proportional to 
the retarding powers which these wires singly exert on any 
eileetrie dieeberge. 

S.) Very fine silver wire^ if plaeed between the points 
of the universal disehargeri burns with a greenish light, 
and passes off in a greyish smoke, if a tolerably strong 
charge be transmitted through it. The like may be done 
with fine wires of the other metals. If the wire be placed 
in a Ljlass tube, you will be able to collect the oxides of the 
various metals, which will show their distinctive colours. 

3. ) Stretch a silk thread covered with silver, between the 
arms of the discharger, send through it a charge from the 
battery, the Silver will be destroyed end the silk will remain 
uninjured. 

4. ) Lay a stirip of pure leaf gold between two sheets of 
paper* plaee them on the stage of the discharger, send a 
charge from a jar presenting a metallic surface of from 

1 to -'square feet throu«]^h it, and the gold will be burnt. Tf 
the nieul was chemically pure, there would remain a stripe 
of oxide of gold of a purple eolour on both the pieces of 
paper; if it contained a portion of silver, the stripe would 
have a greyish tinge. A strip of pure leaf silver, burnt in 
like manner, would have left a grey mark of the oxide of 
silver. 

5. ) Lay a small piece of gold leaf between two little 
squares of glass, proceed in the same way as before, and the 
metal will be melted into the glass, which if viewed in re» , 
fleeted light will appear gilded in the spots to which the 
gold adheres, but if seen in transmitted light, the spots will 
have the colour of the oxide of gold. If you wish to pre- 
serve the glass from beiujyi; broken, use three panes, laying 
the gold leaf between the uppermost and the undermost, and 
the middle pane irill be unii^ured by the performance of the 
eiiperiment. A strip of gold-leaf, 1| lines in width and SO 
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inches in length, wu eoflfumed by a spark from the conductor 
of V. Manim's machine : find a similar spark from Pfistcr's 
inn chine, to \%'hich we have already referred in the tirst 
experiment, burnt a strip of gold leaf | of an inch wide^ and 
10 inches long. 

6. ) Of all substances that can be destroyed by fire, de- 
tonating ^Wer is the moit combustibk. A oiiaU quantity 
of it» laid on the point of aknil^ explodes Instantly when 
lield at a dktance of several fSeel from the prime eonduetor 
of a machine In full play. 

7. ) The explosion of oiyhydrogen gas may be effected 
with almost equal ease, as a 8ing:le spark is sufficient for the 
purpose. The apparatus generrilly used is an electriccd pistol 
or coftftOA {Jv* 173*); a is a metal tube, closed at one 

end ; a copper wire 6, insu- 
lated by its l)eing contained 
In a glass tube, is carried 
through, so that the knob at 
ks end is about } of an inch 
from the opposite Inner sur- 
face of the* barrel. Now, 
hold the mouth of the pistol 
over a stream of hTf^roo:en from a gasometer (y?^. I'i^. Vol. 
I.), close the mouth of the pistol with a cork, send a 
spark on b, and the cork will b« discharged with a loud 
report. 

8. ) Fill with cold water a wine glass, whose outer sur&ce 
Is perfectly free from moistures ponr on the top of the water 
a thin film of siilphurie vtfier, and connect the water by 
xneans of a chain with the prime conductor. Turn the 

machine round, and present your knuckle, or any other eon* 
ductor, to the surface of the aether, and the spark in its pas- 
sage from the water to the conducting body will ignite the 
spthor. — Or, let any person stand on the insulating stool, 
and laying one hand on the prime conductor let him hold a 
metal spoon containing some a ther in the other ; let some 
one else present any conducting body to the spoon, and the 
passage of the spark will cause the »tbcr to burrt into a flame. 

9. ) Sprinkle some finely pulveriied colophony on the 
surfiice of some water in an earthenware Mttcer» which is to 
be placed on the stage of the unlTsrsal discharger, and Its 
knobs placed at a distance of from 2 to 4 inches asunder ; then 
transmit a charge from a Leyden jar, and the spark in its 
passage from one ball to tlie other will ignite the resinous 
powder. The same effect will follow, if the colophony be 
sprinkled on a rough board, or on a hank of cotton. 

10. ) The igniting power of a condensed spark is increased 
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by sending it through a damp conductor. Hence we are 
enahled to ignite gunpowder, which resists the action of the 
spark under ordinary circumstances. (See Third ExpL § 495. ) 
Place some gun]H)\vtlc;r in the little wooden cup {fg. 171.), 
and carry the spark along a moist thread 6 or 7 inches lu 
length, attached to that Arm of the umveml discharger 
which is connected with the negative coat of the jar con- 
taining the charge, and the spark in its passage froni the 
end of one wire to that of the other will cause the powder to 
eiplode. 

% 497. 

VII. TJic niaAjnrtiC eff cts of the electric current are variously 
displayed; but, as has been already (§ 4S8.) remarked, the in- 
fluence exerted by the interrupted and momentary currents of 
frictional electricity is less perceptible tlurn that of the con- 
tinued current, generated by electricily by contact, and by 
thermo-electricity. Its most remarkable feature is the excitation 
of magnetism in unmagnetised steel, and its inversion of the poles 
in magnets. A few experiments illustrative of these properties 
will now be given : — 

Expts. 1.) Place a strip of copjier -plate, about 1 or 5? 
inches in length, between the arnss of the universal dis- 
charger ; transversely to it, and supported by any insulator, 
lay a fine sewing needle, and pass through it some pretty 
strong charges from a jar. The needle will have become 
Aiagnetic, tliat end which lay to the right of the electric 
current being a north pole, and the opposite end a south 
pole. Place the needle beneath the copper, and the needle's 
polarity will be reversed. 

2. ) Place a small variation needle on the strip of copper, 
so that the ktter shall intersect its magnetic meridian at 
right angles ; send soTne powerful charges through it, from 
west to east, and the magnet's polarity will be reversed : 
this effect will not obtain if the charges are transmitted iiom 
east to wesU 

% ) Steel needles may be magnetised with greater cerw 
tainty, if the electric current be insulated and conveyed by 
a helix around the needle. This will be best efibcted by 

placing the needle in a spiral of copper wire covered over 
with silk, the ends of the helix are to be in contact with the 
arms of the discharger. The single spark from the prime 
conductor exerts a sensible effect ; but if a charge be sent 
from a loaded jar, tiie magnetisnt \\ \\\ be still stronger. Lay 
a magnetized needle in the helix, aud conduct the electric 
curxent» so that the north pole of the needle shall lie on the 
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njrlit hand of the rlireetion in which the current moves; aud 
.alter a few charges tlie needle's pole will l)e reversed. 

An explanation of this phenomenon will be given in the 
section on £lectro>magnetism. 

§ 498. 

VIII. Its physUitogteal effhcU are developed by electricity 
wben in a state of tension : they appear to be owing, in part at ' 
least, to the induction of electricity taking place in tiie human 
frame. Among those effects may be enumerated the sensation 

of a spider's web being drawn across the face, and the emission of 
phosphoric odour. They are felt most powerfully in those parts 
of the body which form a part of the circuit through which the 
electric current passes, by a shuddering sensation, and a contrac* 
tion of the nerves and muscles, known as the electric shock. 

The eilects of the shock vary with the extent of the sur- 
^ee coveied with tinfoil, and they may become so intense 
as to cause transient or permanent lameness in particular 
limbs, nay, even death itsid^ In performing these experi- 
ments, care should be taken that the charge is not too strong. 
— The discharge from a single jar is sufficient to kill small 
animals; and a battery of 13 feet coating is enough to stun 
or even to destroy life in ri large animal* especially if the 
I stroke be conducted through the skull. 

The conduction of the •successive and momentary currents 
through parts of the animal organization produces a con- 
traction of the nerves and muscles, by which the activity of 
the vascular system is increased, the motion of the fluids 
accelerated, and the animal heat laised. Hence fnctional 
' electricity has been frequently applied in medical practice. 
Electricity produces on vegetables, effects closely re* 
sembling those just described in the case of animals : 
cofidoction appears to exert no peiceptible influence o!i 
vegetation ; but if a charge from a jar be sent through plants 
it proves fatal to them. 

ExpU, 1.) The electrical hath is administered by ]>]a( ing a 
person on an insulating stool, and directing the electric 
current from the conductor to diflferent parts of the body by 
means of some pointed conductor. 

2. ) Tht electric shock from a charged jar may be given to 
a number of individuals at once, if they lay hold of each 
other^s hands, the last person in the circle putting himself in 
contact wltli the outer cont of the jar, and the first touching 
the knob of the jar, by which means the circuit will be 
completed. On account of the velocity with which it travels 
the shock will be experienced simultaneously by all. — -Xn- 

VOL. iil. I* 
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terpose in some part of tbe circuit a moistened conductor, as» 
ex. gr.t a piece of wet rope ; and instead of the shock, there 
will be merely a tingling sensation felt in the tii»s of the 
fingers. 

3. ) A mouse* bird* or fish may be killed by placing its 

head between the wires of the universal discharger, and 
sentling a powerful shock through it. The efil'cts of the 
electric shock will be visible in fishes if they are merely 
})laced in a glass of water, and the charge he transmitted 
tiifough the liquid. 

§ 499. 

IX. Chmieal infitunee of the electric current. Unless the 
preceding experiments on the combustion of the metals be in- 
cluded under oxidation, the chemical effects of the electric 
current are scarcely perceptible on account of its intermittent 
character, and the impulsive nature of its action. (§ 488.) The 
following experiments may, however, bcrve to show that it 
jeally possesses a decompoung power : — 

Espii, 1.) Faraday has proved, beyond doubt, that many 
substances may be decomposed by means of the electric 
current, obtained from an electrical machine in full work: 
the plan he adopted was the following : — Lay two pieces 
of tinfoil (it. Jig, 174«) on a pane of glass GG ; from each 



Fiff. 174. 




piece of tinfoil projects a platinum wire, bent upwards from 
the glass, like p, in such a manner that there shall be a small 
space betwe^ l^e two points where they touch the glass: on 
this space the body A is placed, which it is proposed shall be 
decomposed. Place the glass on the stage of tlie universal 
discharger, putting its Uvo wires a on the tinfoil, and 
connect one of them by a ciiain and a moist thread with the 
prime conductor, and the other with the cushion of th^ 
machine. — If a drop of a solution of sulphate of copper be 
placed at k between the platinum points, after a few turns of 
the machine, the metallic copper will be deposited on the 
end of the negative wire; The neutral salts dyed with 
indigo gave a coloured deposit on the + wire ; a solution of 
iodide of potassium gave a deposit of the iodine on the same 
wire. The decomposition is eifected still more easily* if 
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» inttead of the liquid solutions we employ blotting paper 
saturated with any of the solutions. A piece of this test- 
paper saturated with a solution of sulphate of sodium, nitrate 
of pota^^siiim, or «ny other of the neutral salts, will deposit 
its acid on the -t-and its alkali on the — wire. Paper dipped 
in a solution of iodine in aether or spirits of wine will give 
a blue tinge of iodine on the — wire. 

The decomposition of water by Wollaston and other 
philosophers, by means of minute platinum points inclosed 
in glass tubes^ along which points the current is conveyed 
through the water with which the tubes are filled, is so 
extremely feeble that the least trace of the component 
elements does not make its appearance for a length of time. 
Faraday investigated the subject anew^ without arrivin*^ at 
any satisfactory ctmclnsion^ he was, however, inclined to 
think, \h:\t wlim xUc current was unattended by any spark, 
the oxygeu was set t'l ce at the + pouit, and the hydrogen at 
the — point of the wires, because he observed tliat the 
emission of gas at the latter was much stronger than at the 
ibrmer. 

2. ) Sparks discharged continuously through the air com- 
bine its elements so as to form nitric acid. Faraday dib^ 
charged the electric sparks through the air above a strip of 

litmus paper, saturated with a solution of caustic potash. 
The pn]^er was reddened, and on being dried it was found to 
be penetrated with saltpetre. 

3. ) From a fine metal point connected with the conductor 
•of any electrical machine, let the + electricity for some time 

be run against the tongue, and a faint acid taste will be pro« 
duced ; if — electricity be sent upon it, an alkaline taste 
wUl be perceived. 

§ 50a 

As all the phenomena and effects caused by electricity excited 
bv means of frlctmn Irive now been explained, it is time to pre- 
sent the reader with a brief sketch of some of the opinions that 
have been entertained with regard to the «?ources whence this 
powerful agent is derived. Some have thought that il^ is mainly 
caused by the heat generated by rubbing the two bodies together. 
This can, howeveri at best be regarded as but a secondary source; 
since, otherwise, the quantity of electricity evolved would be in 
proportion to the heat excited, which is nut the fact. More re* 
cently this view has been adopted, that the excitation of electrt* 
city is owing to some chemical process attending the friction. 
The existence of chemicnl ncrt'Ticy h-i'^ been inferred from the pre- 
sence of the peculiar odour emitted during the frictioni as alyg 

F 2 



Digitized by Goo^^Ic 



68 oxoir. 

from the ncces<^*ty that the nmalg.im applierl to the cushions of 
the electrical machine should be a verv oxidizable body. To this 
it may be objected, that it yet remains to be proved that this pe- 
culiai* odour is necessarily connected with the development of 
electricity ; and that the oxidation of the amalgam is not an indis* 
pensable requiaite^ has been diown by Sir H* Davy's experiments* 
for he found that a small elcetrical madiine in an atmosphere of 
hydrogen, earbonic acid gas» and other gases, gave out as much 
electricity as when worked in the common air ; indeed, in the ear* 
bonie acid gas it yielded more. According to a still more recent 
theory than the above, It has been held, that a peculiar motion 
in the molecules of the bodies rubbed tojjether is the true source 
from which the electricity is derived. This hypothesis has as yet 
' been but partially received, and the discovery of an explanation, 
both general and satisfactofy in its application, is an object still 
to be desired. 

Sebonbein has peribimed a number of experiments, in or- 
der to detect the properties of the odour emitted during the 
action of an eleetrical machine (§ 485. )> which, in the case 

of the cards penetrated by the spark, bears so striking a re- 
semblance to the blasting eHf objects by lightning. {Fifth Expt, 
§ 495. ) This philosopher thought that he could recognize 
the odour in the decomposition of water by the electric cur- 
rent. He accordingly gave it as his opinion, that this odor- 
ous principle, which he called ozon^ was a body contained 
both in air and in water, that it had hitherto escaped the ob- 
servation of ehemtsts ; and that^ under eertain circumstances, 
this element was set free by electricity. De la Rive, on the 
contrary, holds that this odour is caused by extremely mi« 
nute metallic particles with which the electric fluid is char- 
geH ; and which, when water is decomposed, are given off 
with the oxygeo in the atmosphere.'^ 

UU ELECTRICITY BY CONTACT, OALYANXSK, VOLTAISH. 

A, 0/ihe Eketrie&y eUeiUd hff ih€ Qmtati of ffderogeneaw 

Bodi$» in gmufoL 

§ 501. 

The state of electrical quiescence in two heterogeneous bodies, 
which are good conductors of electricity, is destroyed by bringing 

♦ Professor Schunbein read a paper on " Recent Experiments on Ozon," 
at the l.'ith ineetin>f of the British Association in June last. From these 
exuerimentft it appeared that the smell was always developed at the + 
pole ; that It WM capable of tieing preservf d in closed bottles ; that heat de- 
stroyed it; and tiiat manj- of t!i( iin tals had also the same power. Althouph 
at first supposed to be an eierovntary bodjTt it may now be looked upoD as, in 
all probabtiity. a trit-nxide of hydrogen. An analfiis of the profenor*! paper 
atarbsfouiMlkttisAtb«uraBiliMrMy9.184Bw 
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tHem into contact with each other. Separate them in an insula- 
ted condition, and one will be lound to be + electrified, and the 
other ^ ; but this state of tension ia often so feeble that ila eiist- 

ence can be proved only by the aid of a condenser. 

Volta, towards t!ie cntl of the last century, first discovered 
this peetilinr excitation of electricity in the metals. VnUa's funda- 
mental experiment, by which tlie t \ istLuce of this species of elec* 
tricity may be verUied, can be variously ]H'i formed. 

lurst Expt. by means of the coiidenj»er. I'lace in imme- 
diate contact two polished discs, one of copper, the other of 
zinc, holding them by means of glass handles, so that they 
may be insulated ; separate them, and convey the sensible 
lUh tricity of one of the plates to a condenser. (§ 489.) 
Touch both the plates with the hand so as to carry off their 
electricities : repeat the contact and separation, and, as be- 
fore, convey the clertricity of the one plate to the condenser. 
Repeat this eigiit or ten times imtil you liavo suilR-iently 
charged the condenser, which will be loa(ic(l with + electri- 
city, if you liave touthed it with the zinc })late, or with — 
electricity if with the copper one. The electricity thus ac- 
cumulated by conduction on the condenser, may be tested 
by means of a delicate electroscope* To avoid eiciting elec- 
tricity by touching the metal of the.conduotorwith the plate, 
which would affect tiie accuracy of the experiment, as we 
profess to obtain the electricity merely by the contact of the 
zinc and copper discs, n piece of moi-tened blotting ])aper 
should l>e laid on the piate of the conductor, and the disc 
should be made to touch this paper, and not the rnetnl oi the 
conductor itselt ; or the condenser, may be fur ni^lied with 
two plates, one of zinc and the other of copper, and when 
the electricity is conveyed to the condenser, these should be 
changed, so that the like metals should always be brought 
together. Pcclet*s double condenser will still more effectu- 
ally secure this object. (§ 489* ) 

Second Expt. without the condenser. Screw a perfectly 
smooth plate of pure copper, about 2^ or 3 inches in diame- 
ter, on to the conductor of a Becquerel's electroscope, or of 
a delicate Oersted's electrometer. Now, on it lay a similar 
disc of pure zinc, of exactly the same size, and the two plates 
will, by contact, be oppositely electri6ed. While this con- 
tact is maintained, the + electricities will be held in a latent 
state. Remove the zinc ptete by a glass stem, which insures 
its being insulated, raising it perpendicularly from the cop- 
per one, and the electroscopic bodies will show that the cop- 
per plate is negatively electrified. The + electricity of the 
zinc plate will be verified by presenting it to another elec- 
troscope standing near the former j or, without a second 
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electroscope, deprive the copper plate of its — electricity * 
touch it with the (vlf^eof the zinc plato, that the — elertricity 
again excited in the copper may not aiVvvt the indices. Or 
the entire surfaces may he put in contact, the zinc plate 
being allowed to lie on the copper one. 

Now screw a zinc plate on the conductor of the electro-* 
seope» and place the copper plate on It, the former will in 
this case be + electrified when the copper u removed ; end in 
like manner, as before, the electricity rendered sensible in 
the copper may be tested. 

Although the phenomena of contact electricity are so nu- 
mf'roiis, and effects so varied in their nature derive their 
origin from it, yet it remained long unknown to philoso- 
phers, even after they had pretty thoroughly investigated the 
phenomena of electricity by friction, 'i'his was owing prin- 
cipally to the fact, that it acts so feebly as not to be very 
readily detected. As on many other occasions, a happy ac- 
cident, with regard to this branch of science, led to an im- 
portant discovery, which stimulated to that further research 
that has conducted to some of the brightest and most event* 
ful discoveries of modem times. Professor Galvani, of Bo- 
logna, observed in 1797, that when he touched a nerve and 
muscle in the leg of a dead frog with two different metnl^, on 
bringing these into contact the leg moved convulsively. 
The author of this discovery coiisulcred this as the effect of 
a peculiar power exerted on the aiiimal organization : he 
therefore gave to it the name of mUmal ^hetrieUy ; and even 
to the present day, out of respect to the discoverer, it Is fre- 
quently called gahanic ekdrieityf or gaham$m, Volta soon 
after proved, by means of the condenser he had lately in- 
vented, that this electricity by no means rended as an extra- 
ordinary agent in the animal organization, but that \\ was 
the conscqtience of two metals being brought into contact, 
and that the nerves and muwles merelv exhibited the sensible 
electricity, as any other delicate electroscope would. This 
theory led him to the most important discoveries, and in the 
year 1800 to the construction of that valuable piece of ap- 
paratus known by the name of the voltaic pile, 

§ 502. 

The influence thus set at work in bodies was styled by Volta 
the electromotive foree^ and by this appellation it is still known : 
the bodie s, by whose mutual contact it is elicited, are termed 

clectrotitofors. 

The intensity and species of ( lectricity which each of such 
bodies acquires when variously combined is by no mefuis uniform. 
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According to experiments petfonned by men of science Ibr as* 
eerUtning thb point, it has been found that the electromotors 
taken as a whole may be arranged in order, so that the first in the 

list will be + with any of the others which are ranged after it in 
the list, and that they are — ; that beginning at the other evd of 
the series, tlie last substance will he — , and any of the pre^ 
cedicg with wbiL h it may he taken will he -r t'lectrificd; and that 
all the intermediate electromotors may be cither + or — electri- 
fied ; and that, if taken in pairs, that which stands higher on the 
list will be + when joined with any lower in the list, which will 
be — electrified ; lastly, that the difference of tension excited by 
bringing these bodies in contact is greater the fiirther apart they 
are in the series. The list thus constructed forms a toUeqf efee- 
ti'omottve tensions, as ascertained bv the use of a condenser and a 
delicate electrometer. Below we have given four SUch tables, 
compiled by diiierent philosophers. 

Volta. 

+ Zinc, lead, tin, iron, cop])er, silver, graphite, different 
kinds of charcoal, crystallized amber. 

Flaff« 

+ Zinc, lead, cadmium, tin, iron, bismuth, cobalt, arsenic, 
copper, antimony, platinum, gold, mercury, silver, charcoal* 
argentum vitreum (Titreous siker ore), sulphurous pyrites, 
cuprum inineralisatum pyritaceum (yellow copper ore)» 
galena, crystallized tin, niccolum sulphuratum arsenicum 
pyritaceum (arseincal mundick), molybdoena, protoxide of 
uranium, oxide of titanium, graphite, wolfram (tungstate of 
iron nTTfl nL-n^^nnese), gypsum sfcillatium, crystallized am« 
bur, peroxide ui lead (?}. 

Henriei. 

•4- Zinc, lead, tin, antimony, bismuth, iron, brass, copper, 
silver, mercury, gold, platinum. 

Peclet. 

+ Zinc, lead, tin, bismuth, antimony, iron, copper, silver, 
gold, platinum. 

Their respective degree of tension is, however, considerably 
modified by the elevation of their temperature, the degree 
of polish on the surface of the 'metals, still more by the ad- 
dition of foreign ingredients even in minute quantities. Zinc 
is rendered much more positive by amalgamation. 

These experiments may be satisfactorily performed even 
without a condenser^ if a Becquerd's electroscope is at hand $ 
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or» better still, a delicate electrometer on Oersted^s con- 
ftrnettoii. (§ 480. ) The deviation of the needle in the last 
named instrument enables us with tolerable accuracy* to 
compare tlic difference in the electromotive tension of any 
two bodies. Tfie irif tals to be subjected to this test should be 
of a circular fonu, Irum 2 to 3 inche?? in diameter, and at 
least 2 lines thick. As silver, gold, and platinum plates of 
this sise woold be Tery expensive, brass plates may be used 
intteady ooTCied with gold, silTer, or platlniim, by the pro- 
ecas of deetroplatiiig. (§519.) A eiieularholeisiiiade in 
the eenCre of each of Uieae discs, for the purpose of con- 
necting them with the conductor of the electrometer, or for 
inserting glass stems by which tbey may be insulated. The 
plates must be as highly polished as possible, and the metal 
should l)e perfectly pure. The zinc or platinum ]>late, as 
being the extremes in the table, is to lie screw to the con- 
ductor of the electrometer, and the otiiers are to be brought 
into contact with it in the manner described in the second 
experiment of the 4ireceding paragraph. To ioTestigate any 
two metals, say iron and silver, all that is requisite is to 
place one of them on the plate of the conductor, to insulate 
the other, and place it on the former. 

If several diflferent electromotors are brought into mutual con* 
tact at once, as ex* A with B and B with Zttben this remark- 
able result ensues, that whatever electromotor B may be, A always 
has the same kind of electricity, and of the same intensity, as if 
it had been in immediate contact with Z, without the lnterpo«;ttion 
of n. Further, if instead of we iTiU rjK^se any number whatever 
of opposite or similar electromotors between A and Z, as A, B, 
CD. . . Z, A continues in this case also to be electrified pre- 
cisely as if it were in immediate contact with Z. 

For the sake of illustration, we will suppose the relative 
diflerence tension between A and B = 5, between B and 
C == 1 , between C and D = 3, between D and Z — 7 ; then 
the difference of tension between any two members of the 
series is invariably equal to the sum of the difl^renoes of the 
intermediate links. Hence, between A and C 5 4- 1 s 6, be* 
tween C and Z *^ 7«»10, and between A and ZbS ^ 1 
4-3 + 7-16. 

§ 503. 

The electrf)motivo force can, moreover, be excited not only be- 
tween till' solid conductors of electricity, but also between them 
and C( nduLtiug liquids. With respect to the species of electricity 
exciu'd by the contact of the various metals with didcrent Liquid 
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hoSwiB, the niimefous experiments of F&ff hvre cooducted us to 
the ibUowing results:^ 

1, ) l%e alkaline Uquidst as caustic potash, caustic soda, am- 
monia» generally excite in the metals a state of nfgntive electrical 

teHsiorij the intensity of wliich is greater the nearer the metal is 
to the positive end of the serjes. To this rule, however, there are 
some exceptions. When in eoiitaft wiili these liquids, tin, anti- 
mony, zinc are the most powertul ; platinum, bismuth, silver, 
the most feeble electromotors. 

2. ) Concentrated acids, as nitric acid, sulphuric acidt &C.9 im- 
part to metals the opposite, that Is to say, the powHvdy eketrical 
tention $ and in particular aU ths meiabt without exception, when 
acted on by concentrated nitric acid, become ponHne. In this 
acid, steel, cast iron, pure iron, and platinlira are the most powerful 
electromotors, and zinc the feeblest. With sulphuric acid they 
are divided into two classes; those metals, as s^old, platinum, cop- 
per, which st iiid near the negative end of the series, becoming 
positive; the others, antimony, tin, and zinc, being negatively 
eleetriticd. The same rule holds good with regard to h^dro* 

chloric acid, 

S.) 2n dihUd actdSi and tohttions of heavy nuiaUie softs, the 
character the electrical tension for the most part depends 
on the order of the metals in the series. Considered as a whole, 
they are negoHoe^ ^eUrical towards these liquids, the more posi- 
tive metals being the mo'^t intensely negative, the negative ones 
less negative, showinj^ an increasing tendency to become positive; 
and those which arc the most negative when acted on by these 
liquids aftii.illy acq uiie a positive tension. The aolulions of an 
alkali with sulphuric acid present the striking anomaly of rendering 
the negative metals most powerfully negatitft^ 

From a consideration of these fiicts it was inferred, that the 
liquids received exactly the opposite electricity to that acquired 
hy the metals immerBed in them, and that the intensity of their 
tensions corresponded. 

4.) In most of the liquids, the metals, as a whole, invariably dis- 
play the like excitation, but the nrii^inal difference in the tension of 
those whose surfaces are chemically acted on by the fluids decreases, 
and is at length converted into the opposite kind to that which 
they had at lirst, 

Pfaff, to whom the scientific world is under conriderable 
obligations^ modified in various ways the experiments which 
led to the fesntts we have just developed: car. ^.'be pro. 
cured strips of the different metals, and laid on them similar 
pieces of pasteboard saturated with the liquid he wished to 
examine, and connected the metal with the collecting ])latc 
of the condenser by laying under it a piece of hlotting-yiaper 
soaked in distilled water, the upper strip of pasteboard being 
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connected with the ground. Then be procured a number of 
Tittle tubes shaped like a V ; these he filled witii tlie liquid, 
atul ill one leg he put the strip of metal, in the other a little 
bit of wood or paper, and connected first one of these bodies 
aDd then the other with the condenser, taking care always 
that a connection should be established between the other 
body and the ground. 
It has been ascertained further, that fluids act on each other 
in a manner precisely similar to that in which they afiTect metals, 
or in which the latter affect each other when in contact ; that 
this obtains not merely with regard to such as exert any chemical 
influence on each other, but also in such as are chemically indif- 
ferent; whence it has been iiiferred, that the^c bodies also may be 
arranged in a series with'regard to their electrical tension. The 
difference of tension, however, between heterogeneous liquids is so 
small, that its existence is deduced only from the electrical current 
which is generated. Professor Fechner, who has distinguished 
himself by bis investigations as to the theory of electrical pheno- 
mena, first established the existence of this electrical action by a 
series of experiments^ from which be had removed every other 
disturbing cause. 

§504. 

From what has been just advanced it follows, tliat tlie metals 
by contact with diiicient liquids sustain a chan2:e in their relative 
electromotive powers ; that this change is nut ei^ually great in all 
metals ; and that it depends, in great measure, on the nature of 
the fluid itself. Hence Martens thinks we may infer that liquids 
are not properly electromotors, but rather modi6ers of the elec^ 
tromotire force of the metals immersed in them ; so that their 
influence may be regarded as at one time increasing, and at 
another weakening the electrical tension, accordinj^ ns they act 
upon two mctnl^, in the same manner as the contact of the metals, 
or in an opposite one to it. 

If, now, it be asked, wliat is it that causes tliese modifications, 
it appears invariably that those fluids which exert the mos^t 
powerful chemical influence on the metals are in general the 
most influential in modifying their electromotive properties. It is 
also true, that the mere contact of a liquid unaccompanied by 
any chemical change is sufficient materially to affect the electro- 
motive state of a metal. 

Berzelius has noticed that a similar influence is exerted by 
establishing a contact between many of the metals with a gas. 
'lliis is especially the case with platinum, which by hydrogen, is 
positively electrified, by bronuue aiul chluiiue negatively. 

The electromotive tendency developed by such contact seems 
in some metals to increase the longer it lasta, and even to reside 
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for some iiine in operation afler the exciting cause by which it 

was induced ceases to act. This altered electromotive state of 
the motnls is called their rfrctricfi! poJarization. The metals 
which become most jiowertuiiy polarized l)y contact witli certain 
liquids are iron and platimim. When immersed iii alkaline 
solutions, they become increaMngly positive the longer tlie con* 
taet Is maititoined ; pladnmii becxnnes polarised when its surfiMe 
in contact with the hquid becomes coated with hydrogen ; or, as 
we have already remarked, it may be pdariaed by immenion Ibr 
a length of time in this gas. 

Iron, immersed in some liquid^ possesses a very remarkable 
property; for, if it be placed in some of the dilute acids, it 
acquires an electromotive tension answering to its place in the 
series; but when immersed in concentrated nitric acid, and 
according to Marlens, ui acetic acid or alcohol, if combined with 
platinum, it becomes almost as powerfully electrical as that 
metal. Thus iron changes its chemical relation to many liquids ; 
as after polarisation, tx, ^r., it will no longer be acted on by dilute 
nitric add, nor will it decompose solutions of copper ; in diort, it 
will become as perfectly indifferent as the noble metals. (§ 72.) 
Schbnbein, who has investigated this subject thoroughly* calls 
iron under these eireumstanees panive^ 

B* Dijf erent Kinds of Hydr(htlecUic ButUrie** 

§ 505. 

When two hetorop^oneons metnls are made to tonch the same 
liquid, which may be done either by placing stri].s of the 
metals in a vesse^ containiLi-; the liquid, or by soaking pieces of 
cloth or brown paper in it, and interposing them between plates 
of the two metals ; in either case both the metals will be in a state 
of electrical tension, but of unequal intensities, the more power- 
ful eleetromotor being in the greater state of tension. This di^ 
ference in their tendons will be the more considerable the wider . 
asunder the metals are in the electrical series as regards the par- 
ticular liquid in which they are immersed. Connect the more 
powerful electromotor with the ground, and the weaker metal 
acquires the opposite electrical tension, as may be seen by apply- 
ing that end of it which projects out of the liquid to the con- 
densing plate. This may be at once shown hy immersing copper, 
^Ivcr, or platinum in dilute acid, or saline solutions with cither 
tin or lead, but especially with sincj the copper, silver, or pla* 
tinum will become positively electrical, while the tin, lead, or 
sine will continue negatively so. The positive tension in this 
case answers to the difference of the negative tensions subsisting 
between the immersed metals. Next, connect the more feeble 
electrical metal with the ground, test the other by the eondenser^ 
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and it will be found to retain its original clet'tricity, tTinn<T}i in n 
less degree, and with an intensity corrc^pondiniz; precisLly with 
the difference of the electromotive tensions of tliu two metals. 
(§ 50S, 3.) (a) Immerse two strips ot' the same inelal in a liquid, 
and both wUl be equally electrified; no difference will exist 
between their tendons, (b) But if the fluid polarise the metal 
pUeed in it» we shall obtain an effbctive battery with a single 
metal, by immersing one of the plates before the other, as is 
done, for instance, when iron and platinum are brought in con* 
tact with a solution of caustic potash. In proportion as the 
]K)l?irization of the second plate proceeds, the difference in theten- 
biuns of it and the plate first immersed diminishes, until after 
some time it^eases altogether. Tiie diiiereucc in the tensions of 
any two metals will be inereued» for obvious reasons, if the 
li(|uld in which they are plunged excites in one a condition of 
positive, and in the other of negative electrical tension* as 
happens when sine and copper are immersed in concentrated suU 



Fiff, lis. Fig. 176. K^. 177. 




phiii ic acid. (§ 503. 2.) Fig. 175. represents an arrani^cmcnt of 
this kind, both copper (C) and (Z) being immtrsL 1 in the 
acid (S3). For similar reasons, an opposite electrical tension will 
be produced if two homogeneous metals be connected together, and 
placed in two difoent electromotive fluids, the metal in the one 
being negatively eleetrlfled« and that in the other podtively. As 
an illustration, we may immerse' one piece of platinum in an 
alkaline solution, and another in concentrated nitric acid ; or im- 
merse two plates of iron, one in sulphuric acid, and the other 
in concentrated nitric acid, (c) (§ 50;J. 1 and 2.) A scheme of 
t'lis is given in Jig. 176., (Vt) being the platinum, (A) the 
alkali, (a c) the acid, and a b the porous material between the 
liquids. The most intense electromotive tension is excited by 
employing two heterogeneous metals and two similar liquids^ the 
one metal being immersed in that fluid which renders it the 
most powerfully negative, and the other in that which renders It 
the most powerfully positive, the fluids themselves being con* 
pected by interposing a porous partition betwen them. Such a 
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combination is effected thus, as shown in Jig. 177., by placing 
platinum (Ft) in concentrated nitric acid (N^), and zinc (^Z) in 
concentrated sulphuric acid (S^). (d) 

(a.) Suppose copper and line were placed together in a 
dilute aoid, and that the aine, as the snore powerful eleetro- 
motor, acquired a tension of —3, whilst the copper was 
merely —1, the difference between their tensions would 
therefore bes2. Connect the zinc with the ground, and 
the copper would show on the condenser a tension of +3 — 
1 — + 2 ; if the copper be similarly connected, the tension of 
the zinc will be + 1 — 3 = — '2. 

(b. ) Immerse two strips of zinc or topper in the same 
acid, atui the maximum tension of each strip of zinc will be ^ 
—3 ; that of each strip of copper — 1, the difference of tension 
in either case -¥ 3 — d« or +1—1 »nil 

(c.) Now immerse a plate of iron in sulphurie acid and 
another in concentrated nitric acid ; then the former will have 
a negative tension, say of —2, and the other a positive one 
of about + 4; the difference of the tensions between these 
two homogeneous metals will = 6. Let there be a conducting 
medium between the two fluids, connect the iron in the 
nitric acid with the condenser, and the plate which is in the 
sulphuric acid with the ground ; then the former acquires a 
positive tension of+4 + 2= +6; reverse the arrangement, and 
the iron in the sulphuric acid acquires one of — 2-->4» 

(d.) In like manner we obtain the tension resulting from 
a combination of two heterogeneous electromotors with two 
different liquids, as ex. yr, of zinc with sulphuric acid and 
of platinum with nitric acid. If in the case supposed the 
tension of the zinc be — 3, and that of the platinum -f- 5, then 
the ditlerence of their tension*^ is H ; connect the zinc with 
the ground, and the platinum will have a positive tension of 
5 + 3= + 8; and if the platinum be so connected, then the 
zinc will have a negative tension of —3 — 5 = —8. These 
batteries may, however, be so combined, that the two hetero- 
geneous electromotors may acquire a similar and equal tea* 
sion from the liquids in which they stand. In such a case . 
the tension of each electromotor equals the difference between 
their tensions, viz. nil. This will happen if sine be immersed 
in a dilute acid, and platinum in a solution of some alkali 
with sulphuric acid. 

The dillerence in the tensions of the electromotors im- 
mersed in a fluid has been explained by assuminpr that the 
electricity originally excited in each by contact with the 
fluid acts by induction or polarization on the particles of the 
fluid lying between the two plates in such a manner that 
every such particle acquires an equally intense electricity^ 
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but of an opposite character to that of the metal on the side 
nearest to each of tlie metals ; while on the side more remote 
it acquires a similar ;nid equal electricity to theirs, so that the 
ends of the circuit foruied by the liquid which touch the 
Other tnetallie sur&oes exeite the opposite electrical tension 
or polarisadon. A reference to Jiff, 178. will render this 

Fisf* 178, 



2 4-2 




more easy to he understood than a long verbal description. 
Z tt is a zinc and C n a copper plate> eonaected in a circuit 

by the particles of the fluid. Now suppose the tension 
excited by the fluid on the zinc alone were — 3, then tlie 
polarization produced in the liquid by this metal would be 
expressed by the lower row of numl)ers contained in the 
circles representing the particles of tiie liquid; and if the 
tension it would haye caused in the copper alone he— 1» 
then the upper numhers will mark its polarisation hj this 
metal, and the result of this double inductiOD of electricity 
would be that the tension of the sine would he— 2, and that 
of the copper -t-H — Fl//. 179. represents a similar com- 
bin.ition of a zinc and platinum battery with suljihuric and 
nitric acid, the zinc acquiring the negative* and the pla- 
tinum positive ( ku tricity. 
Such combinations of solid electromotors with suitable liquids 

coni»titutc siniph hydro-eleciric ot voltaic batteries. Of these there 

are three principal yarieties. 
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1. ) Datierus etmsUting of two keterogeneom- deetramatori wUh 
onBfiuid, — These were 'the earliest invented by Volta ; and until 
lately they were almost the only ones in use. They are com- 
monly made of zinc and copper plates immersed in either dilute 
acid, or some saline solution. 

2. ) Batteries of one homogeneous metal with two heterogeneous 
liquids. — To this class belongs Becquerel's hydro-electric battery, 
as it is called, in which platinum (see fig. 176.) is put in contact 
with a solution of caustic potash, or with concentrated sulphuric 
acid. Weber and Wohler's batteries are also made on a similar 
principle, the same metal in the former of these being immersed 
in sulphuric and in the latter in ooncentrated nitric acid. Ibe 
difference of tension in a BecquerePs battery is fiur leas than in 
one of class I.) This instrument has served no other purpose 
than to establish the fiict, that a state of electrical tension can be 
induced by contact with two heterogeneous fluids. The irou 
battery is much more effective, as the polarization of this metal in 
the concentrated nitric acid causes a very considerable degree of 
tension. 

3. ) Batteries comhine.d of two heterogeneous electromotors with 
two different liquids : these are a recent discovery, and are the 
most effective of all the varieties ; t* e. by means of them the 
maximum difference of tension between the electromotors is 
produced. Among this class we may name JkaiidVs zine mnd 
copper hatteryf in which zinc stands in contact with sulphuric 
acidy and copper with a solution of sulphate of copper ; Grove*s 
sine and platinum; Sturgeon's zinc and iron; and Bunsen's zinc 
and carbon batteries, in which the zinc is placed in contact with 
sulphuric acid, the platinum, iron, and carbon with concentrated 
nitric acid. 

The construction of these batteries admits of various 
modificadons ; firom which, indeed, the different names they 
bear are for the most part derived. 

1.) Singk'Jluid batteries, rotta*« battery consists of equal 
plates of copper and zinc, between which are laid pieces 
of flannel or paper of the same size, soaked in the exciting 
liquid. 

In Jfol!aston*8 battery (y?^. 180.) the zinc plate is SUT- 



Fig. 160. 




rounded by the copper one, which how- 
ever does not immediately touch it at any 
point, there being a space of J of an inch 
or thereabouts all round between the two. 
The two plates are to be immersed in the 
exciting fluid. 

Oeried*s trough apparatus is essentially 
the same with the preceding battery. It 
consists of a trough of ooppeir plate, in the 
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form of a paraUclopiped, about | an inch wide at the bottom ; 
in it the suie plates are arranged so as not to toueh the 

copper; the trough serves also to bold the liquid. 

jkaft*s tpiral batlery {fg 181.) consists of two zinc and 
jr lai copper plates of equal length, rolled to- 
gether in a spiral form, so that they aie 
about \ of an inch asunder. Their parallel 
position is given to the spirals by means of a 
wooden cross at top and bottom, with notches 
into which the plates are fiwtened. Both crosses 
have a common axis. There is a handle at 
top» and to each of the metal plates is attached 
a mercury cup -f and — . This combination 
is then set in a cylinder large enough to 

receive it, in which iIk ri(]uid is placed. This 
apparatus has one advantage, that uittul plates of a con- 
siderable size can be used without their occupying much 
room. 

Faraday recommendi, to ensure a powerful action of these 

batteries, the use of a mixture of 200 parts of water, 4^ parts 
of sulphuric acid, and 4 of mtric acid. If tlw eifoct is desired 
to be less violent but nioro permanent, he recommends a so- 
lution of common salt, or a mixture of sulphuric aclH, with 
from 20 to 30 times its quantity of water. The electromotive 
power will be increased and rendered more constant by 
amalgamating the zinc, which can be accoropHshed most 
readily and cheaply in the following manner Fitst, immerse 
the rough line plates in a weak solution of sulphuric acid, 
containing from 6 to 8 times as much water as acid, until 
the ihin film of oxide is dissolved; then wash them with 
water and place them in a dilute solution of nitrate of 
mercury. After a short time there will be found on the 
surface a perfectly uniform amalgam of zinc; when this is 
formed, wasli the plates with water and rub them with 
sawdust* 

2. ) Baittnes with two diffifreni 'Hqujdi. In these the two 

liquids must be so placed as to establish conduction without 
their beiug allowed to mix. This is best effected by inter- 
posing some porous substance between them ; thin cylindrical 
cells of porous porcelain, slightly baked, answer best. Place 
a cell of I his, kind in a* cylindrical glass, an inch or an inch 
and a half wider than it in diameter ; in the earthen cell, 
place one electromotor with its appropriate liquid, and in the 
glass vessel the other with its liquid, tailing care that the 
two electromotors are not more than from ^th to {%h of an 
inch from the walls of the porcelain cell. 
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A sectional view is given in Jig. 
182. of the most advantageous ar- 
rangcmoit of a Danieirs battery, 
c c is a copper cylinder with bottom, 
rather wider at top, as a 6 and dt 
show (the outer glass Tessel is not 
required with this construction); 

is the porous porcelain cell, in 
which the amalgamated zinc cylinder 
stands. Four a saturated solution of 
sulphate of copper into the copper 
cyUnder. That the action of this battery may be constant, 
the strength of the solution must be maintained. For this 
purpose two concentric rings of copper wire connected to- 
gether by sig-xag wires fit round the porcelain cell, and rest 
on h and t against the copper cylinder. On this net-work 
such a quantity of the copper crystals is to be laid, as by 
their gradually dissolving will maintain the liquid at its re- 
quired strength, and so repair the waste caused by the 
working of the battery. If violent action is desired, use 1 
part of concentrated sulphuric acid to firom 4 to 9 parts of 
water ; if moderate action, 1 part of sulphurb aeid to from 
50 to 100 of water. 

In Grwi% battery {fig, 1 83.) the amalgamated zinc cylinder 
z z stands in a glass vessel ; inside the zinc 
is placed the earthenware cell pp, intended 
to receive the platinum. Leaf platinum will 
be found the most convenient, and to save 
expense it may be had thin. To ensure at 
the same time a large surfim of thia metal, 
and action on both sides, Griiel's arrange- 
ment may be adi^tied. The leaf platinum is 
attached by means of wires of the same metal 
to a central stem, so as to form four or six 
flaps ; the whole has one common conductor. 
Poggendorf recommends as a more simple contrivance, that 
the leaf of platinum be about half as broad again as the 
diameter of the porcelain cell into which it may be made to 
go by bending it in the form of an & By this means, all 
cutting and fastening of the platinum will be dispensed with, 
empt only festening it to the >rire which is to serve as 
the conductor. Pfafi* employed a porcelain cylinder coated 
with platinum, instead of a leaf of this metal. This will be 
rather cheaper than the metal itself, but as far as my ex- 
perience goes, these cylinders are less effective than an equal 
surface of platinum, Skod I have used the ceUs both from the 

111. o 
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manufactory at Copeiilia[ren, and also from that at Meissen, 
The liquid u!>ed to act upon the zinc is sulphuric acid di> 
luted with from 4 to 9 part^ of waJter; that on the plati&um, 
nitric acid whose specific gravity is 1*33. 

In BmuenU bcUtefy, charcoal is substituted for tha ezpen- 
nve substance^ platinum. For a length of time, attempts had 
been made to use for this purpose graphite (plumbago) in 
its naturnl state, and also the masses found in gas retorts; 
but the dithculty with which portions could be met with of 
sufficient size and of convenient form, imposed an insuperable 
obstacle. Professor Bunsen has, however, succeeded, by 
repeatedly heating a miztttre of puWerised coal and coke, in 
obtaining a strong porous mass, which, as regards its con- 
ducting and electromotive powers, is fully equal to platinum ; 
it can easily be worked and made to assume the required 
form. Bunsen has variously constructed his batteries ; one 
of the simplest combinations, perhaps, is the following, which 
nearly resembles Grove*s. ( S» e firj. 184.) C is the carbon 
cylinder, substituted for one of platinum, 
Fiff. 184. standing in a porcelain cell pp, whose dia« 
meter Is S or 4 lines longer than that of the 
carbon, pp is enclosed in an amalgamated sine 
cylinder xz, whose diameter b about two 
lines greater than that of the earthenware cell. 
The whole Is placed in a tjlnss G G about an 
incli, or an inch and a half wider than the 
eartlu nware. Drill a hole inn m the carbon, 
to within an inch and a half of tiie bottoni, 
and about one third of its diameter in width. 
Into this - cavity concentrated sulphurie acid is to be P9ured, 
by which the porous mass will soon be penetrated. Fill 
the interval between the earthenware cell and the carbon 
cylinder with the same acid. A copper ring r, which fits 
the latter tiizhtlv, ser\'es as a conductor. The zinc is acted 
on by sulphuric acid, with from 4 to 9 parts of water. 
Bimsen lias since modified his battery, by making the 
carbon cylinder open at bottom, and of sufficient size to 
contain the earthenware cell in which he places the zinc 
element. 

With equal surfaces, the powers of a platinum and carbon 
battery are nearly equal They are both fiir superior to a 
DanielPs constant battery. Jacobi says 6 square inches of 
platinum in a Grove's battery are C(|uh1 to KX) inches of 
copper in a Danicll's battery. Accordin*: to my own ex- 
periments I found, that to produce equal oflects, it ruijuired 
16 times as great a surface of copper as of platinum j and in 
a spiral battery, on Hare's construction, I found 340 tiihes 
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the surfiuie of eopper was needed to 'that of plirtinum to 
insure equal eflects.* 

Now, although Grove*s and Bunsen*s batteries are more 
powerful than Daniell's, yet the latter has this advantage 
over them, that its action is the most constant, its electro- 
iTintive force being but little impnired by the battery's beiiij^ 
' kept at work for a whole day. Tliere is this additiomil in- 
convenience connected with the use of butli the platinum 
and carbon batteries, that the nitric acid used in them, in 
proportion as it is eoneentrated, becomes converted the more 
lapidly and profasely into nitrous aeid, the vapour of which 
is both pr^udicial to the breath and injurious to many sorts 
of apparatus. In platinum batteries this ev il may, in some 
decree, be remedied by means of a lid, made to fit the 
earthenware cell. In the carbon hatteries it is less easy to 
apply this remedy. Warrinsrton and Dr. Leeson substituted 
for the sulphuric acid a liquid composed of 3 parts of bi- 
chromate of potassa, 4 of concentrated sulphuric acid, and 1 8 
of water. Poggendorf says that he found the electromotive 
influence it excited in a carbon battery equal to that pro- 
duced by sulphuric acid, but that its character was less 
steady and permanent ; when used with platinum batteries, 
he says, it is fiv less effective than sulphuric acid. ^ 

§ 506. 

The tennon excited between theS^lectromotors of any simple 
voltaic arrangem^t is, after all, veryt^feeble. Its intensity may, 
however, be increased by connecting several of them together; a 
discovery which has immortalized Volta's name. A combination 
of this kind is termed a compuund hydro-eltctric batterj/, or a 
Voltaic pile or battery ; sometimes it is called a c^alvanic lattery. 
In comtructing it, the like metals in the individual batteries 
must all he ranged one way ; as for instance, all the copper on 
the left band and all the sine on the right : and in this order the 
heterogeneous metals must he joined by a good conductor, or else 
they must be placed in immediate metallic contact. 

The essential form of such a combination may be repre« 
sented in the annexed diagram ; 

C bein^:^ the copper, Z the zinc, and / the intermediate 
liquid, ^ represents the metalhc connection or contact. 
The individual members of these compound batteries 

* Nora.' Mr^ Wa1k«r in hti'Tr«atfte tm Elmridty espreiies bft esti* 

mate of thp conoparativn merits of Platinnm and Carbon, in the following 
pithy manner. — " Platinum is in the lonjj; run decidedly preferable to Carbon; 
asVigwrifieNor wtU icon tsaeb,** . 

O S 
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in«7 be variously arranged aeeording to the nataie of the 
tingle batteries of which they are composed* The following 

are the chief : — 

1 . ) Singh-fluid baUeriea* — The oldest of alU invented in 
1800, and stiil in frequent use, is named after its inventor, 
the Voltaic pile. It consists of round or square plates of 
copper and /inc, commonly from 1 to 4 inches across. The 
pile is tbnnfd by placing them one on the other, a zinc and 
a copper plate being soldered together throughout. Care is 
to be taken that all the copper plates are underneath, and all 
the sine uppermost, or vice vertSU Between each pair of 
plates insert a piece of flannel or pasteboard, saturated with 
the liquid U which is generally either dilute sulphuric acid, 
or a solution of common salt ; and tlie elements of the gal. 
vanic circuit will stand in the following order, beginni 
fVoin the bottom of the pile Z C / Z C / Z C /, .'tc. When 
from 30 to 50 pairs of plates have been thus arranged, the 
flannel soaked in the liquid will be subjected to such a 
pressure, that a great portion <tf tbe liquid will run down. 
If, therefore, the number of plates is considerable, say 100 
or more, it would be better to make two piles of 50 pairs 
each* near together, but in inverse order, and connect either 
the undermost or the top plates by means of a strip of 
cop])cr. In this arrang^cment, the outermost zinc and the 
outermost copper plate may be dispensed with, as they are 
not in contact with the li(]uid, and the last copper plate will 
have a positive electrical tension, and the last zinc plate a 
negative tenrion, just the same as in the single bat^sry. ^ 
The electromotive power in such piles is increased by amal- 
gamating tbe ainc plates ; in which case the sulphurie aeid 
may advantageously be diluted with from 20 to 90 times its 
amount of water. Muncke asserts that its power may be 
increased from two to four fold, by covering the pasteboard, 
which is to he soaked in the liquid on one side, with 
powdered black-lead, and laying that side next the copper. 
Tlie electromotive power may also be increased by substitut- 
ing some more negative metal, as nlver fi>r the copper ; and 
aeeording to Bunaen, the maximum effect is gained by 
making the pile of amalgamated sine and copper plates, and 
using Warrington's (diromic acid liquid, described a little 
higher up. Bunsen says, that from a cylinder of fine carbon 
(for it«; preparation, see the preceding section \ 7 inches long, 
TOO slices may be cut, whlcl) will nut require cleaning like 
the copper discs, as they need only to be kept in tbe liquid 
when not in use. % 

Compound batteries may in like manner be fimned of 
Wollaston*s trough apparatus* Oersted's trough or Harels 
ipifal batterie% merely observing t9 plaea the individual 



Digitized by Google 



TKOUOB BATTERY. 85 

members of it in the nnme order, and then concocting them 
by m^^ans of copper wires. The whole is to be imtiiersed in 
the li(^uid, either ia a trough of siifhcieiit size to contain it, 
or the liquid must be poured into the separate copper or 
glass cylinders. 

Faraday*8 trough apparatuSi improved by Young, will be 
found very convenient for readily constructing an efficient 
pile of oiany plates. The copper and amalgamated zinc 

plates, presenting a surface of about 4 square 
Fi^. 1^5. inches eru h, are to be ranged alternately 
in n \\ DUiien frame. Every two copper and 
2U1C plates are connected by a strip of metal, 
as is shown in Jig, 185. Wlien several 
such pairs are combined in a battery they 
are put together, so that one copper plate 
stands between two connected sine plates, 
and one zinc plate between two copper ones, 
the distance l)etwcen each being one line, 
'i'his combination is represented in the an- 
nexed diagram, C stantiing for the copper, Z for the ziu«, 
and for the metallic connection : — • 




After the plates have been thus arranged, plunge them into 
a trough of convenient size, of either wood, earthen ware, or 
japanned ware, containing either sulphuric acid diluted with 
from twenty to thirty times the quantity of water, or Fara- 
day's liquid, the composition of which we have given above. 
When the operation of the battery is to be discontinued, you 
have only to lift out the plates by the common frame in 
whir 1 1 they all stand. 

The following batteries of this class merit a brief notice . 
on account both of their magnitnrle nnd their- remarkable 
performances. The great battery of tlie Royal Institution 
in London consisted of 2000 pairs of plates, each of which 
had an eflfcctive surlace of twenty-two square inches; it was 
with this apparatus that Sir H. Davy made the important 
discovery of the compound nature of alkalis,, and the prac- 
ticability of their being decomposed. Next to this we may 
mention C!iildren*s great plate battery, which consisted of 
16 pairs of plates, combined on Wollaston*s principle, each 
plate being 6 feet lonj? by 2^ feet wide, so that the effective 
copper surface of each was 32 square feet, and when these 
were connected in one the entire surface amounted to 512 
square feet, llart^'s deiiagralor or calurimoior was combined 
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of 80 zinc and copper sp!r;iis, tlie zinc surface containinpj 54 
s(|iiare inches, and the cu|)per 80 square inches. Stratingh's 
deHagrator consisted of 100 pairs arranged on Wollaston's 
principle, each zinc surface presenting 200 square inches ; 
it oould be used either as a pile of 100 pieces, or as a single 
batterer of 40,000 square Inches of sine (or S77 square feet 
of zinc, and 544 of copjjer). 

, AU these single-fluici batteries have, however, fallen into 
disuse, except when po\rerful physiological effects (§ 515.) 
arc to be produced, since the discovery of the great eflFicacy 
ot batteries with two liquids, which with a smaller number 
of pieces varyinf» from 2 to 40, of averajre dimensions, (having 
an effective surface of from 20 to 100 square inches,) exert 
a power equal to that of the gigantic battery belonging to 
the Royal Institution. 

These batteries are made by combining either Daniell's, 
Grove's, or Bunsen's single batteries, arranging the indU 
vidual memhers of the compound battery near to one another, 
and connecting the heterogeneous electromotors on the prin- 
ciple of a voltaic pile by strips or wires of copper. It is 
convenient to divide the number of component members into 
two equal factors, that they may he easily arranged in a 
rectanf^ular space.- The 6rove*s battery, constructed by 
Jacobi of Petersburg, contains 64 platinum plates, each of 
36 square inches surfiice» so that their combined sur&ce 
amounts to 16 square feet* Probably this is the most power- 
ful battery ever made, not excepting even that of the Royal 
Institution; for, according to Jacohi's comparative estimate - 
(see tiie precedinjT paragra})h ), its eUtfCt is equal to a Da- 
niell's battcrv of 2G6 square feet, or a Hare's battery of nearly 
5500 Sijuare iect. 

It is of essential importance in all compound batteriw, 
not to waste the electromotiTe power, and to ensure their 
utmost efficiency, that a perfect metallic contact should be 
established between the parts by means of short and good 
conductors. Copper wire, or strips of copper of suitable 
thickness, are the be«it conductors ; if they are not imme- 
diately fastened to the heteKtireneous metals, as in AVol- 
iaston s and Young's batteries, small cups may be soldered 
on to the metal plates, these cups filled with mercury, and 
the ends of the ominecting wires iomiersed in this liquid 
metal. Or the many inoouTeniences attending the use of 
quicksilver may be obviated by the use of copper binding 
screws. In this case care must be taken that the contact of ' 
the metals is perfect. This will l)e best secured by electro- 
•rildiuf^ (§ 519.) t}»e points of the contact, which may be 
doue at a sinali expense and with little trouble. A screw 
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and clamp of the kind referred to are represented ia 

fig, 186. a it a strip of metiBl 



Fig, 186. 



bent at right angles, and 
soldered on to each of the 
electromotors; on it stands an 
upright piece of metal 6, 
turning on an axis or screw. 
In this upright a hole is 
drilled to receive the nut dy by 
which the strip of metal c is 
secured to ftb A notch is 
made at/» in this last-named 
little bar, by which it may 
be fastened to the neit piece 
of the battery by its connect- 
ing screw. All these pieces 
of apparatus should be of 
copper or brass ; and for 
reasons already given, it is advisable to gild, silver, or plati- 
nise them by the Tolta-typing process. 




§507. 

In any one of the batteries we have just been describing there 
arises a peculiar induetion of the tension, excited by the contact 
of the electromotors with the intermediate fluid. The and— 
electricities, elicited in the respective metals, are urged in op- 
posite directions to the sides on which the similar electromotors are 
ranged, the connecting wires and the intermediate liquids acting 
as conductors. The dissimilar electricities are accordingly 
accumulated in the two extreme electromotors of the circuit, 
which are hence called po/*'s ; that being termed the positive pole 
towards wliich the + electricity tends, and the other the negative 
pole towards which the —electricity moves. 

As in the arrangement of a common voltaic battery (see 
the preceding paVagraph), its poles consist of a pair of sine 
and copper plates, and as the outermost plate of the + pole 
is zinc, and that of the —pole is copper, the 4- pole has some- 
times been called the ztnc pole, and the — the copper pole. 
If, according to the construction described in the preceding 
paragraphs, the last member of the circuit, the copper for instance, 
1)6 connected with the earth, its state of positive electrical tension 
will disappear, and it will acquire O electridty. The electrical 
tension oif the other electromotor of the voltaic pile communi- 
cates the like tension by means of the conducting wire to all 
the other members of the circuit. The like happens to the 
second, third, fourth, &c. members of the whole battery ; ' whence^ 

G 4 

I. 
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consequently, the deetricity is carried off ftom all the daetfo- 
motors of the same name (in the case supposed firom the copper 
plates), which lie on the side that is in contact with the ground. 
The electricity of the other electromotors, t. e. of the zinc plates, 

will be the sum of that of the successive pieces; thus the intensity 
of the —electricity towards the opposite pole increases in arith- 
metical progression, so that in the wih plate of the battery, the 
tension would be n times greater than in the first. The same 
ratio obtains with regard to the + electricity, if the outermost 
ainc plate be connected with the ground. Blot, who has per- 
formed a number of eiact experiments to ascertain this point, 
found the electrical tension in such batteries was altogether 
ind^endent of the magnitude of the effective areas of the ele^ 
tromotors ; so that, if the electromotive combination of two 
batteries be alike, and they consist of the same number of plates, 
the intensities of their tensions will be equal, even though the 
electromotors of one battery be 100 times larger than those of 
the other. 

The annexed diagram will perhaps render more easily 
intelligible the increasing tension and Induction of the 
electricity in compound batteries. C expresses the copper 
which is in a state of positive, and Z the zinc, which is in a 
state of negative tension; I is the exciting liquid for the two 
metals; — ^ the connecting uire between them; and the 
marks the direction taken by the J- and — electricities 
in the circuit ; the intensity of the tension in each sir ^x^e 
battery is assumed = 1, and tlie extreme copper plate is sup- 
posed to be connected with the ground. 
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If the zinc plate be connected with the ground instead of 
the copper one, we shall have a similar scheme, with tbui difler- 
ence only^ that the tension increasing through the successive 



Digitized by Google 



members of the battery will be positive • the scheme can 
of course be carried to any number of terms at pleasure. 

Next, we will suppose both the ends or poles of the battery to 
be insulated; we will further assume its electromotors to be cop- 
per and zinc, that the former is oii the right and the latter on 
the left hand ; tlien it ibllows that the + electricity of the copper 
fups through all the plates in tlie eireult to the left hand, and 
the— electricity of the sine to the right. Hence there proceeds 
ftom the middle a progressive accumulation of + electricity 
towards the left hand, and a similar accumulation of —electricity 
towards the right ; so that the two extreme plates exhibit an 
increased intensity of tension, whilst in the centre it ceases alto- 
gether, the centre being, intact, its point of itulitllrence. Re- 
move the connecting wire from any two membei> of the series, 
and you obtain two batteries, in which the same electromotive 
conditkni ia found to exist as has been just described ; disconnect 
a second vire and the like occurs again. 

The following ciiagram will perhaps render the above 
more easy to comprehend ; the same signification is to be 
attached to the symbols as in the former scheme. Assume 

^ the tension between the copper and the zinc = l, then, if 
Mich is perfectly insulated, the diffiexence of their tensions 
will remain the same, that of the copper being and that 
of the zinc 



Diagram of a Battery of Three Fdrs of Plates. 
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Diagram ui a BuUery of i'uur Pairs of Plates. 
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Subdivision of a Battery of Four Pairs of Plates into Two 

of Two Palis etdi. 
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EleetKMOopie oliierTatioTO will at onoe prove the existence 
of these partieular states of tension in the diflerent batteries ; 

if. li iwever, the electroscopes or electrometers used are not 
sufficiently delicate to in^<»te the tension, we must call in 
the aid of a condenser, by means of which the feeblest degree 
of tension will be rendered visible. 
Compare a pile both wliose poles are insulated with another, 
one of whose poles \s connected with the ground, and the fol- 
lowing diflferences wVX be observable: 2- That which isnotin- 
sulafced shows throughout Its whole extent onljr + or only elec^ 
tricity, the other has 0 electricity at the pole in connection 
with the ground, from which to the other pole the intensity of 
the tension continually increases. In the battery whose poles are 
insulated, both species of electricltv are found proceedin;:r from 
the centre or point of indifference, so that one half contains only 
+ and the other only — electricity, increasing equally in intensity 
towards each pole ; howQver, the intensity at each pole uf that 
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battery, which was insulated at both ends, is only half that of the 
insulated pole of the second battery, which had its other pole 
connected with the earth. 

The uisuUted piles in this respect present a striking analogy to 
the polarity of a bar magnet. In one half of which in like manner 
•f electricity resides, and— electricity in the other half; in the 
middle, between the two poles, is the point of magnetic ({uiescencCt 
or 0 electricity ; and if the bar be divided, each of the fragments 
acquires a sinular polarity. (§ 436.) 

4 

§508. 

Besides the electrical piles already described there are some 
others in -which the elements composing the individual members 
of the battery are somewhat differently combined, vis. the diry 
piles, piles of two elements only, and secondary pU^, 

The firs^ called also after their inventor, ZambonVs piles^ differ 
from the common hydro- electric batteries principally in this, that 
tbe y>resence of the electromotive liquid is dispensed with in them, 
and that in its place is substituted some moist substance of low 
eonductine: lowt r, grenerally paper. The electromotors in these 
piles are composed for the most part of Dutch f^old (copper) and 
silver (zinc) paper pressed one on the other, with their paper sides 
togetheir, out of which discs are cut with a diameter of from 
\ of an inch to an inch. More powerful pairs of plates may be 
obtained by using only the silver paper and smearing its paper 
side with a thin coat of honey, on which some finely pulverised 
peroxide of manganese has been sprinkled, and all the sides simi- 
larly coated are presented one way. Powerful pairs of plates 
may also be made by pasting pure gold leaf on the paper side of 
zinc-paper. These plates are then to be arranged, just as in the 
ordinary voltaic pile, one above the other, so that the similar 
metallic sur&ces may all lie one way; press them tightly to- 
gether; tie them with pretty stout silk threads, and press them 
into a glass tube of convenient size. The metal rims of the tubei^ 
which must be well connected with the outermost pairs of plates, 
form the poles of the pile, the negative pole being in the extreme 
zinc surface^ and the positive in the extreme copper or manganese 
surface. 

The electromotive energy called into action in these dry piles 
is less than that excited in the moist or hydro-electric piles, prin- 
cipally on account of the imperfect conduction of the paper. The 
accumulation of electricity at tbeir poles also goes on less rapidly, 
and consequently the electrical tension continues for a long while 
tmaltered ; whereas, in all moist piles, even in the most constant 
of them, the tension is maintaino<i, comiiaratively sjjeaking, for 
but a sho|:t tune, on account of. the chemical action and decom- 
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position of the electromotive fluid — causes of disturbance which 
do not exist in the dry pile. To render the electrical tension of 
a Zamboni's pile immediately perceptible on an electrometer 
without eondensadon, the pile must consist of at least firom €00 
to 1000 pairs of plates. 

Behrens, Deluc» Blot, Tigetf Ritter, Kamtz, and others 
have at different times employed various materials in the 
construction of similar dry piles, but noTie liave been found 
to be equal in power to those made of zinc-paper and man- 
ganese. Watkins, of London, made a remarkable pile of 
only one metal, and without any intermediate conductor. 
It consisted of from 60 to 80 zinc plates, about 4 square 
inches in site, purely metallic on one iide, but on the other 
covered with the ordinary film of oxide. These plates were 
so arranged in a wooden trough, that all the clean metallic 
surfaces stood one way, and between each pair of plates there 
was an extremely fine stratum of air, as they were not in 
immediate contact. In this apparatus the two zinc surfaces 
acted as the two dilVerent metals do in other piles, and the 
film of damp air performed the part of the paper. 
The length of time during which the tension of these piles 
lasted led to the construction of a kind cfekdrical perpetual mo- 
tion. It is formed by placing two Zamboni*s piles ( Jig» 1 87. ), each 

containing at least 1000 pairs of plates, in a 
vertical position within IJ inch or 2 inches 
of each other, so that their dissimilar poles 
may be opposite both at top and bottom. 
The lower poles are then connected, by 
means of a strip of copper, but the upper 
terminate in two metal knobs. Now, be* 
tween these two polar balls, place a light 
pendulum, just Indanced above its centre of 
<;ravity. The pendulum rod should be of 
glass or gum-lac, and on its top it may carry 
a small ring or ball of ijold or silver, which 
on coming in contact with one of the poles 
Ci&\ii^M& :sMsm:m^!i of the battery is impregnated with its elec- 
tricity. It is then repelled, both being 
similarly electrified. The other pole attracts it, electrifies it, and 
then repels it, and thus this oscillating movement is maintained 
without cessation. As the action of these piles is, after a time, 
impaired by external causes, the expectation has not been realiaed, 
that they would supply a perpetual motion. 

Bohnenberger's electroscope, improved as it has since been by 
Becquerel and Fechner, is an apparatus of far greater utility than 
that we have just described. It acts on the principle of the per- 
manent tension in a Zamboni*s pile. We have already (§ 480.) 



Fig. 187. 
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described this extremely delicate instrument (^/z. 157.), and have 
pointed out its application. The action of the sraall dry pile on 
tiiu electroscopic gold leaves, vibrating between its two poles, will 
be perfectly understood from what has just been advanced. 

TkepQet of two dmenU onl^, likewise an inyention of Zani- 
boni» consist of one metal and one intennediate conduetor, 
either dry or moist ; if the fonner, the discs are of silver paper^ 
laid with all their metal sides one way ; if the latter, a number of 
pieces of tinfoil of some such shape as this <^ , are laid in two 
watcli-f^lasscs whieli contain water, in such a manner tiiat the 
pointed half lies in one glass and the broad rud in the other. 
After some time these piles acquire at their pules a feeble elec- 
trical tension, which they will maintain for several days, the metal 
pole exhibiting + electricity in the dry pile, and the pointed end 
of the sine being + electrified in the moist one. 

The weondary pUeSf sometimes also called J! i tiers piles, consist 
of alternate layers of bomogeneons metal plates, between which 
some moist conducting substance is interposed. When they 
stand alone no electromotive tension is excited ; l)ut after they 
have been for some time connected with the poles of a voltaic 
battery, if they be disconnected ti om it, the end which was joined 
to the positive pole of the battery will have become + electrided, 
and that which was connected with the negative pole will be — 
electrified. A similar effect may be produced in sitver, gold, and 
platinum wires, if of sufficient thickness, by connecting their 
ends alternately, the one with the + and the other with the^ 
pole of a powerful battery, and maintaining this connection for 
about an hour. Tlie cbar*?e is only transient in its duration, 
and passes off the more quickly the fuller the tension in the first 
instance. Various attempts have been made to explain this 
phenomenon, which seeiub most probably connected with some 
polarising influence. 

C. VoUaie IHe$ m an Electro-statical ami EUUroHfynawueal 

Condition, 

§ 509. 

Both simple and compound voltaie batteries, in the conditioit 
which we have considered as yet, display their electromotive ao-^ 
tivity solely by the deetropokr tsMsum of their elements^ the 
electromotors being excite by contact with the intermediate, 
liquid, or with some dry conductor The intensity of this tension, 
compared with that produced by friction, even in batteries con-» 
ftisting of a great number of plat^ is extremely weak, as electro- 
s^pic observations prove. 
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f4 CUR&£NT OF VOLTAIC ELKCTRICIIT. 

' This is sometimes called the decti astatic condition, which may- 
be converted into the tUetrodynamie by connecting the two elec* 
tromotors of a single, or the two poles of a compound* battery 
together, by means of any good conductor. The ± eleetrieitiee 
T^dered sensible are set in motion, and a current is generated 
the same as in frictional electricity, in which the 4- electricities 
combining produce 0 electricity. The connections mny l>o vari- 
ously forined, the main point being that they be ofgoodcon- 
ductincr materials (§ 469.), however shaped or combined, as sub- 
stances uf low conducting power would not transmit the current. 
The connection is established in the most simple manner possible, 
by placing those parts of the electromotors which are not im* 
mersed in the liquid together, or else they may be joined by a 
wire or strip of metal. Other conducting bodies may form parts 
of the circuit, as ex. gr., a fluid, a living!: animal, or vegetable, &c. 
Outside the simple voltaic arranp^eniL nt, the current goes from 
the net^ative metal, as being the electromotor which is in a state 
of positive tension. Outside the compound battery it runs from 
the + pole through the connecting arc to the negatively excited 
electromotor ; that is to say, to the positive metal, or to the 
pole« whereas, within the battery itself the current runs in 
exactly the opposite direction ; that is to say, in a nngle voltaic 
arrangement from the positive metal through the electromotive 
fluid to the negative metal, and in a battery from the negative 
pole through all the intervening]^ pairs to the positive pole. In 
the single batteries reprtsLntLd m fi(js. 175 — 177, the direction 
of the current is marked by arrows. in this case, by the current, 
is to be understood only the poiiitive one ; the negative current 
arises simultaneously with it, and runs in aa opposite direction. 

(§ 



§5ia 

Fara(iay ims adduced a variety of proofs to establish the idcn> 
tity between electricity excited by contact and by friction ; the 
important distinction between them is, that in the former, the 
exciting cause is constant, and by consequence the effiset n so too, 
but in friction electricity this is not the case The conductor of 
an ^electrical machine when charged, as we have already seen, 
loses its electrical tension immediately on a connection being esta- 
blished by a good conductor between it and the ground, and we 
can only obtain an approximation to a constant stream in a good 
conductor by connecting it, while the nmclune is in action, with 
the prime conductor and cushion. An electrical battery shows the 
same defect, for, w|ken it is discharged, the current amt through 
the conductor is instantaneous, and to fenew the elKct the b^^ 



Digitized by Google 



VOLTAIC AND FmiCTIOM XUtCTBlCSlTT COMFABJCD, 95 

iery must be recharged, Tn a voltaic battery, on the contrary, 
tiie exciting cause is permanently at work ; hence, after connection 
is established with the gioimd« its electrical tension is excited and 
maintained, and when the circuit is completed, the stream is 
emitt^ uninterruptedly so loi^ as the circuit is not broken, and 
so long as no change takes place in the electromotive powers of 
the electromotors and their intermediate liquid; because, so long as 
the + elpctricitie'? in the Interior of the battery neutralize each 
otlicr by tlic current, the condition is re-established on which a 
new electromotive excit^ition depends. Again, there is a differ- 
ence in the effects of voltaic and friction electricity, owing to the 
quantity and intensity of the electricity developed by each of 
these modes respectt? ely. By friction, a current is obtained of 
great intensity, but containing a small quantity of the electric 
Duid ; by voltaism, generally speaking, a much larger quantity is 
developed, but always of a low degree of tension : hence the 
largest electrical battery may be charged, by means of a voltaic 
pile, instantly to the dccrree of tension shown by the latter at its 
poles, by connecting the two together by means of wires. A still 
more decisive proof of the difference as to the quantities of elec- 
tricity obtained from these two sources is afforded by an experi • 
ment of Faraday's, which will be explained below. (§ 512.) In 
consequence of this difference, all those operations which depend 
principally on the intenrity of the electric 6uid are more feeble in 
the voltaic than in the ordinary electric current, while such as 
are dep(>ndent on its quantity and duration are stronger than 
those of the latter. The above remarks must be understood to 
refer exclusively to hydro-electric batteries, as the current emitted 
by the dry piles is extremely feeble. 

§511. 

It' now remains that we should describe an& explain tbedif> 
Ibrent effects exerted by a hydro-electric current in its pas8a|(e 
through different bodies. To do this properly, and to ju^e 
correctly of its influence, we must first learn on what the absolute 

force (>f a current particularly depends, and by what causes this 
force may be modified. Accurate coiiLlusions as to these matters 
have only been arrived at within comparatively a few years, to 
which conclusions we have been conducted in part by the shrewd 
theoretical deductions of Ohm, and the careful ol^rvations 
Feefaner and others. 

In all investigations of tbis kind, it is requisite that we should 
bave an accurate measure of the intensity of the current, in order 
to learn the influence exerted on it by the varied combinations of 
the batteries, and the chancres which arise in its intensity. Tlie 
different effects which the current produces furnish us with such 
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a measure ; they are iiiiA» however, all equally well adapted for 
this purpose; we shall presently (§ 522. ) show which are to be 
preferred, and how they are to be applied. 

There are two ikctors which especially determine the absolute 
intensity of the current, and on whose variations the intensity of 
the effects producod rejrularly depends. One of these, wliich is 
also the proximate or L-xcitin^ cause of the electric current, is 
thti electromotive force itseh ; nnd the Other, or moditymg cause, 
is the resistance to its conduction. 

The electromotive force depends on the quantity or mass of 
electricity set in motion. In simple Yoltaie arrangements the 
quantity of electricity expresses the difference of the tension be- 
tween the two electromotors ; it depends hoth on the manner in 
which they are combined (§ 505. )> And aUa on the extent of their 
surfaces in contact with the intermediate fluid. In a compound 
battery the whole force will be proportional to the sum of the 
electromotive forces of the individual pairs composing it. 

The retarding force is compounded of the different obstacles 
which impede the progress of the current; it forms the factor 
by which its effect is more or Jess impaired. These obstacles 
arise in part from the in^Mtfiei emukseUn^ power of the bodies 
completing the circuit, and in part from the rentlaiics which the 
current enoottntets every time it passes from one conductor to 
another. 

The conducting power of a body, or its capacity for transmittinp;' 
electricity, varies with its material structure : that of the metals 
is some millions of times superior to that of the best conducting 
liquids, with which they have been compared. 

The conducting powers of the metals, ascertained in 
various ways, are as follow : — According to 
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The above numbers express the relative lengths of the 
wires which, with equal diametera^ condilet the same quantity 

of electricity. 

The conducting power is not always uniform, it varies accord^ 
ing to the temperature and the force of the current : I^enz s 
experiments on this subject prove that the conducting power of 
metak decreases when their temperature is raised, that the rate 
of this decrease varies in different metals, and that in all it is 
confined within certain limits : with regard to liquids, Mariani 
has shown that tbetr conducting power is increased by raising 
their temperature. The current of electricity itself, as we shall 
see presently, is the principal cause of the conducting bodies' 
increase of tctn])erature ; it acts variously, accordlnir to the 
nature of the iitpnds employed, chemically decomposing them 
as it passes through them, and thereby, in a short time, fre- 
quently impairing their conducting power to a great eitent. 

It is self-evident, that the better conducting power any sub- 
stance possesses, the less will be the resistance to be overcome by 
the current in its transmission through such a body. The 
amount of tliis resistance depends not merely on tht' structure of 
the conductor, hut also on its length, thickness, and temperature. 
Hence, that })ortion of the resistance in each body really owint^ 
to its material structure, can be ascertained only by giving equal 
lengths, breadths, and temperatures to the bodies compared 
together. Fechner, from experiments which he performed, with 
the accuracy and ingenuity for which he is distinguisfaedt dis* 
covered the following laws : 

T%e- restsianee offered by the metallic portions of the pih or 
hatteryy is directly as their leii^ths, inversely as their transverse 
sections, (in wires, as their diameters squared,) and inversely 
also as their conducting; power, which is, liowever, influenced by 
their temperature. By length, is to be understood their dimen- 
sions in the direction in which the current travels. 

The reaitiauce of the liquid conductor is proportional to the dis- 
tance of the electromotors from each other in the liquid, inversely 
as the .extent of the metallic surfoce acted on by the liquid, in- 

VOL. III. H 



Digitized by Google 



dS BISI8TANC1 TO COHDUCTlilV* 

venely alio as the eonductuig power of the letter, which, how- 
ever, U atfected by the temperature. 

Let I be the length of the metallic conductor, or the 

thickness of the stratum of liquid between the electro- 
motors; t the transverse section, or ar^ of the surface 
acted on ; c the conducting power ; and R the resistance* 
whicii may be expressed by tlie following formula: 

Berides the retbtanoe to eoiidiifltioii of the metallic end liqmd 
parts of the battery, the eiineiit has further to overcome the 
resistance to iransmi$8i(m eedi time it pasMS out of a liquid into a 
solid body, whether it be an electromotor or merely a conductor 

of electricity, and vice ver^a. In this we have a strikirtio^ analogy 
to the vibrations of sound, light, and heat, which are nlways 
retarded by passing out ot one medium into another; and if the 
idea be correct, which some have entertained, that electrical 
phenomena are caused by certain undulations in the aether, this 
resistance offered to the current might be explained in the same 
manner as the retarded undulations spoken of above, Fecfaner 
first noticed this resistance, the existence of which, and the 
causes by which it was affected, he proved by a variety of experi- 
ments. Poc:j^endorf also performed numerous experimental by 
which he was led to the following conclusions. 

The resistance to be overcome by tlie current in its passage 
from the solid to the liquid, and vice versd^ depends on the con- 
duction of the electric fluid in the interior of the bodies; it 
varies, oonsequently, aoeording to the nature of the liquid and 
that of the metal in contact with it, bdng very much influenced 
by the character of the sur&ce of the latter. Hie less poweHbl 
the electric current the stronger the resistance at the points 
where it qnits one conductor for the other. Tf the «iiirface to be 
traversed be changed, but the intensity of the current remain • 
the same, then the resistance varies in a ratio rather less than the 
inverse ratio of the increase in the surface. If the temperature 
be raised it is diminished, and in the passage of the current from 
one metal to another it is indefinitely small. 

To estimate the resistance to conduction in a battery, we must 
be acquainted with the resistance of some one commentfnrabie 
body, such as a wire of known material, length, thickness, and 
temperature; the resistance such a wire actually offers, or which 
it would offer if it formed a part of the battery, will serve as our 
unit of measureiuent. This resisteincL^ is estimated according to 
the results effected by the action ol' the current, and it will serve 
as a unit for comparing similar actions. Hence the resistance to 
the conduction of the current oflRsred either by any other body, 
or by any particular pert of the battery, may be exptesaed by 
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some multiple, or some fraction of this unit ; or, what is the same 
thing, we may find what equivalent length of wire will iiiakc tlie 
same resistance. Ohui called the resistance referred to such u 
unit ike rtdueed lengthf and a body or a part of a battery of n 
times tbe redtieed length is eqiudto anotber whose resistance to 
conduction is n times that of the wire» which is conndered as the 
unit. 

If now we have a number of wires of various metals, and 
of the same thickness as the normal wire, their lengths must 
be respectively as their conducting powers, in order that 
their resistance to the transmission of the electric current may 
be the same as that of the normal wire ; if this proportion be 
obscf ved« we may substitute one of these wiies for another 
to connect the battery, and in each esse the resistance wilt be 
equal ; if the wires be of the same metal, but of unequal 
thick nets, this resistance diminishes as the squares of their 
diameters. Suppose, now, the unit of measurement is a 
copper wire 10 inches in Ictu^th, then adopting thf values 
given hy Hiesi», an equal TlsL^tnnct^ would be otlered by 
an iron wire of the same thickness and 1^ inches in length, or 
by a platinum wire inches long, or by a leaden wire 
inches, or by a sU?er wire 1^ inches long: each of 
these wires may be a^ times longer, if it be it times thicker, 
without its resistance to conduction being increased. In 
like maimer we may determine the magnitude of tbe retard" 
force of any other conductor whatever, by means of 
wliich we establish the connection of the battery. Sup- 
pose, now, we wished to kno'v what must be the lenj^th of a 
copper wire that would oiler a resistance to the conduction 
of the electric current equal to that of the human body, we 
must first find what length of wjre would equal the reduced 
length of the human body. In order to determine the 
ratio between the resistance of any single member of the 
pile to the human body, we have only to substitute the one 
for the other, and thence determine the equivalent leng^th of 
wire, which, multiplied by the number of pairs of plates in the 
battery, wiil give the reduced length of the whole battery, 
and it will always be found that its resistance to conduction 
is much less than that of the human body. 
Since, therefore, the eonductbg power of a body is intimately 
connected with the resistance a current of electricity has to over- 
come, the force of the current must always eieeed this retarding 
influence, or motion will not ensue; hence it is apparent why 
certain substances may act as conductors to a powerful current 
which are non-conductois to a feeble current, their conducting 
power becoming an indeuuiteiy small magnitude when tiie current 
is weak. 

V 8 
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Now, with regard to the entire resistaoee iThich impedet tlie 
action of « battery, it is made up of tiro parts, ^is. out of that 
resistance which the current meets with in its passage through 
the battery and that which is offered to it in the connecting wires 
exterior to the battery itself. The retarding force in the battery 
is equal to tho mm of the retarding forces of the different pairs 
of which it is composed ; it results, therefore, from the resistance 
to conduction offered by the stratum of fluid between the elec- 
truniotorii, from the resistance to the trausniissiou of the current 
from the solid to the liquid and firom the liquid to the solid, and 
from the retarding influence of the metal connecting contiguous 
plates. Hence it follows that in a sinular combination of com> 
pound batteries the resistance will be proportioned to the number 
of plates. The retarding force of the connecting wires ncccsfsarily 
depends on the material of which they are made and on the mode 
of their combination ; as a general rule, it i& increased in propor- 
tion to the Icngtl) and thinness of the wires and the lowness of 
their conducting power. It is especially aggravated by the inter- 
position of bad conductors in the circuit, such as liquids or the 
human body, as by this means there is the further impediment 
caused by the current's passing out of one medium into another. 
This is, for the most part, that portion of the electric circuit on 
which the action of the whole hattcry is brought to bear in the 
performance of ex|)eriments ; any change in it must necessarily 
affect the total resistance of the battery. 

If now our object be to determine the laiiiience ul an electric 
current on the electromotive force, which is especially the active 
laetor in exciting and maintaining the current, we shall find the 
following law of Ohm's important, as being applicable under all 
circumstances, and as referring to all the causes which tend to 
impede the action of the battery ; it is, that the intensity of an * 
rlectric current, when a battery is in actioju indirectly as the whole 
electromotive force in operation^ and inversely as the sum of nil the 
impi diments to contiin iion. It may therefore be expressed by a 
fraction whose numerator is the electromotive force, and its deno- 
minator the sum of the cesistance of all its parts. Let I be the 
intensity of the current, £ the whole effective electromotive force 
in the battery, H its constant retarding inffuence, and r the Tari- 
able retarding influence in the connetting wires ; then 

R + r 

By means of Ohm's fundamental law, which admits in its 
applications of the most varied developments, the first clear insight 
has been afibrded into the apptrentlv intricate circumstances 
which affect the performances of electrical batteries. 
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according to Ohm*s formula, we put the mteDsity of 
the current in a «imple voltaic arrangement whose excited 
surfiwe is 1, 

I. 1= ^ 



then the intensity of a current from a battery of n pairs of 
plates will be 

nR + r' 



and in a single voltaic avranffement whose surface is n times 
greater tlian 1 , the resistance to conduction being diminished 
inversely as the area of its transverse section, the intensity 
becomes 

III. I" ^ *^ 



R . . R+fir 
n 



Now, if the nctinn increases or diminishes in any part of the 
battery, eitlKT b\ an increase in the electromotive force (E ), or 
by a decrease at any point in the retarding influences (11 + r), the 
action of the battery will undergo a corresponding increase or 
decrease throughout, i. e. the increase or decrease of the intensity 
caused by a variation in the electromotive or retarding influences, 
is equally distributed throughout the battery. As, ftirther, the 
effect of the current depends on the quantity of electricity circu- 
lating in the current, the amount of electricity flowing through 
every section of the battery will be equal, whatever it'^ area or the 
material of which it consists. Wherever the space is narrowed 
through which the current flows, the mass of electricity must be 
more condensed, whereas in a larger section it becomes picpor- 
tionally rare; in both cases the quantity transmitted is equal. 
The area of the section through which it passes will therefore 
regulate the intentity of the current, which in every part of the 
electric circuit wiU be invoTHly as the irantwrse teeHon of the con> 
ducior through which it passes^ i. e. it increases in proportion as the 
area through whlcli it is transmitted is diminished. Tliis vari- 
ation in the intensity of the electricity whilst the quantity remains 
unaltered, is the cause of many of the phenomena of the voltaic 
current. The reader must not confound the intensity of the cur- 
¥mU in a battery at work with the initnnty of the pdar tentum in 
an insulated battery ; for the latter depends on the quantity of 
electricity liberated by its antagonist; it is measured by the 
repuluon of the parlieles of the dissimilar fluids, and is deter- 
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mined by its influence on an electrometer; whereas the intensity 
of a current of electricity depends on the quantity of the + elec- 
tricities which neutralize each other at every point of the circuit 
continually. The total intensity of the current will consequently 
be proportional to the L(uaiitity oi electricity passing through 
ever}' portion of the cireiiit» whilst itsr«biln« hUeMity will depend 
on the manner in which the quantity of fluid at each partioular 
portion of the circuit exerts its influence. 

From a eonaideration of the above, and especially from the 
explanation given of Ohm's law, as to the intensity of the current 
in a voltaic battery, we may draw the following inferences as to 
its action : — 

1. ) When the resistance to conduction oirt;red by the connect- 
ing wires is very small, compared with that in the battery itself, 
the hatterj does not act with mone power than each single pair of 
plates composing it; but a single Toltaie arrangement, acts the 
mote powerAiUy the greater Uie eieited sui&ces of its else* 
tromotors. 

If the resistance to conduction, r, in the connecting wires, 
be very small, compared with that, R, in the whole battery, 
it may be disregarded, and the values of the intensities, 
I, I'', in the preceding formulas, become 

or they are as 

I: FrF'-E 

« 

2. ) Now in the oonTsrae case, that is, when the resistance to 

conduction in the connecting wire or other body is very great, as 
compared with that of the battery itself, then the action of the 
battery is more powerful, accordinf!; to the number of pairs of 
plates cmnposing it; but a 1ariT( r pair does not act with percep- 
tibly more force than a small one. 

In this case let li, the resistance of the whole battery to 
the conduction of the current, be indefinitely small as com- 
pared with r, that of the connecting arc ; then), neglecting R 
in the preceding fltrmulas, we have for the intensities I, T, 
I" of the currents, the following Talues : — 

r r nr 

or they are to eaeh other as 

i:r:i"=E:»E:E. 
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S.) Since the resistance to be overcome by a compound hydro- 
electric battery, at any point of its circuit, affects Its effic?iry, we 
shall secure the maximum effect from a current in a battery of 
given surfece, by making the resistance in the battery equal to 
that which the current has to surmount in the connecting wires. 

4.) But since, in the construction of a battery^ many causes are 
in operation by which the eleetiomolive force may be inflnenced, 
etieh as the polarisation of the metals (§ 504.), the chemieal 
ohange produoed in their surfiices, or in the intermediate liquids, 
it follows that a permanent and almost unvarying effect in the 
current can be attained only in those batteries where these disturb- 
ing causes exist in but a low decree* or where their forces para* 
iyst" e-.ich other. See § 518. 

From the whole, then, it follows that tlie efficiency of all vol- 
taic batteries depends entirely on quantitatiYe differences, and 
that the same foree, I, is to be maintained vhatever change may 

E 

be made in either term of the formula I m ^ ^ ^ , by which Ohm's 
hkw is eipressed. 



D. Diffsrent Effects of the Hydrthdectric Current. 

i 512. 

The elfects produced by a hydio-eleetric cunent may be ar- 
ranged under the following principal classes: 1.) Magnetic, 2.) 
XwRMOiis, 3.) Thermal, 4.) Physiobgiea^ and 5.) Chemical 
phenomena, which we shall proceed to consider in the order in 
which they have been enumerated. 

1.) Magnetic Phenomena. These are the last observed, not 
having been noticed until 1820. One of the most important of 
them we shall consider before speaking of any of the other effects 
produced iiy the electric current, because its discovery has fbr- 
nished us with the readiest meana of becomii^ acquainted with 
whatever is essential to be known concerning these currents. 
This phenomenon is the influence exerted by a Stream of electri- 
city on a magnetic needle, which, under its influence, acts hoxh 
as an electroscope and an electrometer; hitherto we have con- 
sidered these instruments merely as affected by electricity in a 
fitate of tension. 

Every variation needle (§ 442.) placed near to a permanent elec- 
tric current is deff ected from its polar position* more or less, so that 
when the stream of electricity is transmitted from south to north 
ImIow the needle^ its north pole is turned ea^ward or towards the 
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right hand« but when the current runs from north to south, the 
north pole of the needle deviates to the left hand or westward ; 
these circumstances are exactly reversed when the tin id is made 
to go in the same directions above the needle. Currents of elec- 
tricity sent simultaneously in opposite directions above and bdow 
ft needle, defleet H still more powerfullj. If tbe currant be 
powerful, it it sufficient to carry, it Imt once over or under m 
eooimoQ needle in order to deflect it* but if tbe electric stream be 
weak, it must be conducted several times round tbe needle, thus 
repeating or multiplyinfr the deflectini^ influ(Mirt» of the single 
current; if the current be extremelv feeble, it may perhaps be 
requisite to use an a*.t,itic double needle (Jig. I 'O.)^ i" which 
the lower needle will stand between, while the upper one is above 
the currents, so that both directions of the stream tend to deflect 
tbe needle the same way. Jbeo6t's Cbsipaff GfahamameUr (a) acts 
on the first principle, tbe MMplkt (b) invented simultaneously 
by Sehweiffger and Poggendorf, on the second, and NobUCs Doulh 
Galvanometer (c), on the third. The instruments just named are 
not equally applicable for all l<inds of current^ : the use of one or 
the other is regulated according to the end immediately proposed, 
whether it be to test the quality or the quantity of the current. 

These instruments show the actual existence of an electric 
current by the deflcctbn of their needles ; from the direction 
they take we infer that in which the electricity was transmitted, 
and lastly, from the magnitude of the angle of deflection we leartt 
the intensity of the stream of electricity, and the degree of r^ 
sistance offered to its conduction by any part of the battery (d. ) 
We shall presently show the relation subsisting between the de- 
viation of the needle, and the intensity of the electric current 
(§ 522.), at the same time we will explain the various mod<^ of 
estimating tbe intensity of such currents; for the present we 
must take it for granteid that, in general, every current has a 
tendency to deflect the needle at right angles to its own line of 
direction, and that '^casteris paribus " those are the roost powerful 
currents which cause the greatest deflection. We must refer the 
reader to the section on Electromagnet ism for a full explanation 
of the theory on which the construction and use of these instru- 
ments rests ; there also he will tind an account of the various 
magnetic phenomena connected with them. 

We shall at once proceed to describe the mechanical con- 
stractkm of such of these instruments as have come into 
most general use. 
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(a) JaeobCs Compati Cfalvcmometer, F^, 188., consists of 

J%f. 188. 




a common variation needle n s about 2 inches in length, 
under but close to which a copper wire about I line thick 
is carried, to the ends of which beyond the frame are fastened 
two mercury cups or binding screws a, by which this wire 
m^y be connected with the wires of the battery. Hie needle 
tnverses the graduated cirde : in using the instrument the 
needle should be set at 0, that the current beneath may deflect 
it from 5 to n or vice versa, 
(b) Schweigger'9 MultipUer, Fig, 189., connsts of a fine 

Fig. 189. 




copper wire d d bent into an oval shapes in the middle of 
which a variation needle n s turns, being either supported on 
a point or mpended by a thread. The two extremities of 

the wire are attached to two mercurial cups or binding 
screws a a, by means of which the wire of the galvanometer 
is made part of the electric circuit. That the current may 
be compelled to traverse the whole length of the wire with- 
out springing from one turn of the wire to another, it is 
wound round with several coib of silk, and the whole is 
coated over with a varnish of gum-lac. The action of the 
multiplier is considerably affected by the number of circuits 
made by the wire^ the number being regulated according to 
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the purpose for which the instrument is intended, whether 
to measure powerful or weak currents ; in the former case 
the wire is passed round but once, or at most but a few 
times, in the latter it is passed round more frequeutly. The 
Qommon multipliers haye the wire passed round firom 100 
to 800 or 400 tSmes ; for pertieular purposes the wire has 
been made to perfimn 1000 circuits ; for instance, Veefaner's 
multiplier had a eopper wire of I6»454 feet in length, which 
was bent round 12,076 times. Its thickness also is of im- 
portance, and the feebler the current to be measured the 
finer should the copper wire be. Lastly, in using this in- 
strument, as also the compass galvanometer, it will always 
be best to place the wire in the direction of the magnetic 
meridian ; the angle of deAeEioii may be measured by means 
of a graduated eirae placed beneath the needle 

(c ) NobUF$ JMbU Gah/anometer differs from the preceding 
chiefly in the application made of a double astatic needle. One 
of the most modem construction is represented in Jig. 190. 
The multiplying wire is passed over and under a cylindrical 



Fig. 190 0. Fig. 190. 




frame, a a Jig. 1 90 a., so as to leave a small space between 
the circuits of the wire for the reception of the lower needle. 
The upper needle, nsjig, 190., turns just above the circuits 
of wire^ on which a graduated card is laid lilce that reprO" 
sented rnjig, 188. The double needle is suspended by a 
fine thread /r of unspun silk, festened at p to a pulley, from 
which a common thread rp runs down the metal stand r pt 
to a screw ar, by which it is moved, and thus the needle is 
raised or lowered at pleasure. To bring the coils of wire 
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and the graduated circle into a proper po«;ition under the 
needle, the multiplier is listened on a circular plate fc, having 
in its centre a cylindrical plug which goes through a hole in 
the stand g h that supports the whole apparatus : to the end 
of the plug is attached a handle ecf by which it is tttnied 
fDoiiid. The two ends of the multiplying wire are eoaneeted 
with mereurial cups or binding sctews A to which thecon- 
ducting wires of the electric current are led. lliree ad- 
justing screws are placed beneath the stand to set the whole 
horizontally, nnri to <;ocure the needle from draughts of air 
it is covered with a bell-glass G. 

In these and all similar instruments the electric current,, 
must be sufficiently strong to overcome the directing in- 
iuenee of the earth's magnetism, or the needle will not be 
deflected. Hence it u evident that the sensibility of the 
apparatusy except that it may be incicased by winding the 
wire a greater number of ttmes, dqiends principally on the 
readiness with which the needle rooves, and the smallness of 
its direct! nsr force. For these reasons it is better to sti'^pend 
the needle by a thread than to rest it on a point, and we 
should use eitlu.r single needles very feebly magnetized 
or an astatic ueedie. The ioiiowing example will shew 
how greatly the power of the enrrent dreuk^g in the 
multiplying wire is increased in Nobili*s multiplier. Sup- 
pose that the multiplier wire wound 3S3 times, then the 
onginal current would act on the lower needle with a 
force of 666, and on the upper with a force of .'333 times 
what it would have possessed had the wire made b\it a single 
circuit; adding 1x)th to<rether, with a force l)9i) or l(XX) 
times as great, lioth needles made, ^vith a similar position 
of their poles, 57 vibrations iu a minute, as astatic needles 
only 9. As the directing force of the earth's magnetism is 
proportional to the squares of these numbers (§ 449. X in the 
common needle this force will be 3348, and in the astatic 
needles 61, in the latter, therefore, it is 40 times less, and by 
consequence, the electric current acts with 40 times tlic force 
upon it. The deflecting power of the onginal cTirretit will 
therefore be increased by this gaivajiometer 1000 x 40 ^ 
40,000 times. 

(d) In a simple voltaic arrangement where the same con- 
necting wire is used and the exated areas of {he eketromotoiB 
are equal, the deflexion of the needle will be greater, tiie 
greater the difference between the electrical tensions of the 
electromotors ; this will evidently depend on the quantity 
of electricity set free by their contact and accumulated on 
their equal surfaces. Hence hydro-electric batteries of two 
heterogeneous metals and two different liquids (§505t) cause 
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the cjrontc«;t deflexion of the needle. In similar simple gal- 
vanic arrangements the deflexion increases with the increase 
of the electromotive surface acted on, but not quite in the 
same ratio, on account of the resistance to be overcome by 
the fluid in its passage from one element to another (§ 5 1 1. )• 
In the tame battery the deflexion of the needle deefeaKs the 
greater the dbtanee of the eleetromotois from eaeh other in 
the intermediate liquid (§ 51 !.)• a eompoiind battery, 
according to Ohm*» law, when the resistanee to conduction in 
the connoctinfT \vire<^ of the multiplier U extremely small 
compared with tliat of tlie battery itselt^ the needle is not more 
powerfully deflected than by a single pair of plate?* {§ .711.). 

Colladon was the first who proved that a stream of elec- 
tricity, generated by friction, caused an analogous deflexion 
of the needle, thus furnishing additional evidence of the 
identity of fnetional and contact electricity. To effect this 
we require a multiplier which makes a great number of 
circuits, and a continuous stream of the electric fluid ; for 
this purpose the multiplier is interfiosed between a conductor 
running from the prime condnctor of the machine to its 
cushion (a piece of wet tape will do very well) ; when the 
circuit is completed, set the machine in action; or charge a 
Leyden Jar or hattery by sodi a damp conductor, one end of 
it being connected with the outert and the other with the 
inner coating of the battery. This last is the mode adopted 
by Faraday in his observations on electrical phenomena, in 
order to verify the contrast subsistini^ between frictional 
and voltaic electricity with regard to quantity, A very 
small voltaic battery consistini^ of one platinum and one zinc 
wire, I'gth of an inch thick, immersed in very slightly acidu- 
lated water, and held at a distance of ^rd or J an inch asunder 
for 8 seconds, deflected the needle of a galvanometer as much 
as the charge of an electrical hattery of 8 jars which had been 
loaded with 30 turns of a powerful machine. When he used • 
1 5 jars and charged them with 30 turns of the machine, the 
quantity of electricity in the battery was the same, but its 
tension or density was ratlier less and when discharged it 
caused precisely the same deflexion of the needle as in the 
first experiment ; on turning the machine 60 times, the bat- 
tery caused a deflexion of the needle twice as great as at 
first. 

§ 513. 

2.) T.nmi nous phenomena occur at the moment when and at 
the points where the poles of a battery are connected l)y means 
of the connecting wires. The eiectncal spark is very small and 
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short, for it is emitted when the wires are almost in contact with 

the poles of the battery ; its colour and the intensity of its light 
depend on the metal by which it is rendered visible; probably 
th\s (liffercnce is owinfz; to a partial combustion of the metal, at 
thr puint'^ where the electric current passes from the poies to the 
wire^ W lien the connexion is established by means of mercury, 
the li^lit ih white and brilliant, if by means of iron or steel, it 
it of a reddish hue, with small scintillations nuliating in aU 
directions. 

A spark of this kind will be emitted from a small bydro» 
electric arrangement of two plates only, but if the battery consist 
of several pairs of plates, the spark will be hrigliter ; it^ intcn-^ity, 
however, depends rather on the extent of surface in contact with 
the fluid, than on the number of pairs of plates. 

Very brilliant sparks may 1>e obtained by means of a 
Grove's battery, of one zinc and one copper plate of ordinary 
dimensions, or with a few pairs of Bunsen*s carbon battery ; 
with either of these the following experiments may Ix; per- 
formed. 

Experiments. 1.) Bring nearly together the amalgamated 
ends of the i)olfir wires, while the battery is in a state of 
activity, a small, white, starlike spark will be seen accom- 
panied by a crackling noise like that which attends the 
emission of a feeble electrical spark. 

2.) Plunge the end of one of the wires into a small vessel 
of mercury, and bring the other near the surfiuse of the 
metal. A similar spark is emitted just before the point 
touches the mercury,' on which a small black speck may be 
seen where the spark struck it 

?).) The spark obtained from an amalgamated point is 
visi!)le under water or in the flame of a candle. 

4. ) Fasten a line sowincT-neefilL' tf> the end of one of the 
wires, and tone li the oilier pole wuh ilie free end of the 
needle ; a starlike red spark will be emitted. A continued 
stream of these sparks may be obtained by connecting a 
small round or triangular file with one pole, and presenting 
to it and removing from it with great rapidity the point of 
a copper wire attached to the other pole. 

5. ) Coat the ends of the connecting wires with soot, by 
holding them in the flame of an oil lamp, an 1 the s]>arks will 
be both larger and brighter ; they will l.e obtained of the 
greatest intensity by holding the poi. ts of the wires iii the 
Hame opposite to each other. 

Nobili says, that, in performing experiments of this kind 
he obtained the brightest sparks by connecting the two ends 
of the battery with a long spiral copper wire^ or with a wire 
insulated by being wound round with silk. 
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3.) Thermd pkaumma^^Hetit is dJcited when an electric 
current is generated by completing the circuit in a ▼dtaic pile, it 
manilestB itself in the connecting wires, in the clectromoton^ wad 
also in the intermediate liquids. The intensity of the heat is 
regulated rather by the nse than by the number uf the plates ; it 
IS greatest in those batteries which have the greatest difference of 
tension (platinum and carbon batteries). This eflfect seems to 
depend more on the quantity of the electric fluid than on its 
intensity ; the latter dut;^ however, exert some iiitluence, as 
Pfiiff informs us» that with twice or three times the nttmber of - 
plates* « wire became hotter than when it was connected with a 
single psir; the heat is further dependent on the conducting 
power of the body, bad conductors of equal length and thickness 
with good ones becoming much hotter than the latter. Many 
attempts have been made to explain the causes by which these 
thermal phenomena are excited and nuuiifletl. This has been 
done, on the wlioie, in the mo.^t haLii.iaclory manner by Olim, 
who assumes, that the degree of heat depends on tiie intensity of 
the electric current in the Interior of a body, and also on its con- 
ducting power; according to Riess's experiment^ it has been 
ascertained that the relative power of metals for acquiring electric 
heat, is directly as their retarding powers, or the resistance they 
offer to its conduction, and consequently, inversely as their capa- 
city for heat and their density ; these magnitudes may therefore • 
be expressed by a fraction having for its numerator the retarding 
force, and for its denominator the capacity for heat and the specific 
gravity. These thermal phenomena seem further to be a rebuit 
of the resistance which the conductors offer to the union of the 
+ electricities; whence, in addition to all other causes, its in^ 
tensity will be greater, the greater the quantity of electricity 
neutralized in the electric circuit. 

In the metal wires by which the poles of a battery in action 
are connected, the heat is manifested by the inenndesct nee of the 
metal, or even by its combustion, th^ heat beiug the most intense 
in the finest wues. 

In very powerful batteries, such as Children's, Hare's and 
Strating*s deflagrators^ or even in platinum and carbon batteries, 
of considerable sise^ and from 10 to 20 pairs of plates, the de- 
velopment of heat is so great that substanceSp which are hard 
enough to resist the action of any furnace, are readily fused and 
burnt. To this may be added the remarkable fact, that these 
phenomena occur under circumstances in which we should not 
have expected them to happen, and under which they could not 
have been brought about by the ordinary process of combustion ; 
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for in stance, wires and charcoal points may be made re^ hot 
under water, and metals may be fused an<jt burnt in vacuo, and 
in close vessels filled with gases which put a stop to the chend* 
cal process of combustioot such as nitrogen^ and carbonic acid 
gas. 

The thermal influence of the hydro-electric current may 
be shown in the following experiments : — 

EznuMiMTs. 1.) ^ WoBeuttnCM iMmlih apparahu is the 
smallest hydro-dectrical apparatus ever constructed, by 
which the heating powers of the current have been made visi- 
ble. This miniature battery is represented in Jig. 191. of its 

actual size. P is a strip of thin 
silver or platinum leaf, bent so as 
to embrace an amalgamated zinc 
plate Z, at a distance of about a 
line^ The insulation between 
the metals is effected by means 
of little pieces of cork thrust 
between them ; e and p are the 
two copper or silver polar wires 
slit at the ends, into which is 
let a very fine platinum wire 
not more than a line in length. 
The wire hook h serves for 
suspending this little battery 
in a ^ass containing some dilute 
sulphuric acid (1 part acid to 
4 of water). The current transmitted through the wire 
between p and z sets the latter in a state of incandescence. 

Batteries of platinum and carbon are best adapted for pro- 
ducing powerful incandescence and combustion, especially 
on account of the steadiness of their currents. With one of 
these batteries of from 2 to 6 pairs of plates, eadi containing 
a surfirae of from 10 to SO square inches of platinum or 
carbon, very brilliant effects may be produced. Nearly 
equal effects accompany the use of a battery of double the 
number of Hare*s zinc and copper spirals, each of which 
should have a copper surface of from 150 to 300 square 
inches ; it continues, however, in action but a short time, as 
after a quarter of an hour the intensity of the current is per- 
ceptibly lessened, whilst the other battery will maintain its 
action for an hour or move unimpaired. The following 
are the most Important results which may be obtained tram 
these batteries : — 

2.) Connect the poles of the battery by means of a very 
fine iron or platmum wire, scTeral inches in length, or a 
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piece of tfam watch-spring will do, and the metel will l>e- 
come red hot Shorten the wire, and it wil] become white- 
hot and then melt ; now use a stouter piece of wire, and the 
heat attained will be less. Substitute silver or copper vrire 
of equal length and thickness witli the iron or platinum 
wire that was raised to a red heat ; in consequence of its 
better conducting power, it will merely be made hot without 
being melted ; whereas a stouter and longer piece of either 
tin or lead would readily fuse. 

3. ) Establish a connexion between the poles by means of a 
stouter platinum wire pointed at the ends ; fusion will take 
place at the points of contact, to which the wire wil! in a 
manner be soldered. The ettect will take place eveu under 

[ water. 

4. ) Conduct the connecting wire througli a small quantity 
of some saline solution, placed in a watch glass or an earthen- 
ware cup ; the liquid will presently boil, and those parts of 
the wire beyond it will be made red*faot 

5. ) Sulphuric sther, alcohol, phosphorus, gunpowder, 
and other combustible materials, may be ignited by making 
the connecting wire to pass through their mass, or to touch 
some part of tkeir surfece. 

In conse(juence of their possessing this property, hydro- 
electric batteries have been used to spring mines, even under 
water, with success. Experiments on this mode of blasting 
were first made successfully by Hare, in N. America, in 
18S2, and by Morgan, who applied it to the blasting of 
' rocks, and to other mining operations. Its applicability to 
the exploding of mines in wnr was proved two years later, at 
Potershurg ; similar experiments have since been performed 
withetjual success in the Netherlands (1837), and at Chatham, 
in 1838 and 1839, by General Pasley, especially to investi- 
gate explosion under water ; the results have fully established 
the certainty and safety of these modes. In the Netherlands 
an inconstant but powerful WoUaston's battery, of 2^ square 
feet effectiYe copper surface, at Chatham, a Danieli's con- 
stant battery of 10 cells, each containing an effective copper 
surface of 230 square inches, were used for the experiments. 

On the 26th Jan., 1843, a blasting of rock by thh process 
was performed on a very large scale, when the liound Down 
was blown up in the neighbourhood of Dover. Cubitt, the 
engineer employed by tbe Iiondon and Dover Railway 
Company, in the construction of their line^ deposited three 
charges, in all 18,000lbs. of powder, so that the middle one 
was 70ft., and the others each 5.5 fl. from the extremities of 
the cliff. The powder was fired by means of 1 8 Daniell's 
and 2 common batteries of 20 pairs of plates, at a distance of 
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1000 feet, it having been previously ascertained that it miirbt 
have been fired even at a distance of 3300 feet. (Trtjbabiy 
a few Grove's or .Bunsen's batteries would have answered 
equally well.) 300,000 eubic yards of chalk, weighing 
600,000 tonfl^ were set in motion ai once^ and the cliff was 
considerably lowered for th^ length of 500 feet 

It is of great importance that these results can be at- 
tained with perfect safety and at c<>n«;idorable distances 
(IJasse, at Hamela, raised a piece ol ])latirium wire to a 
stHte of incandescence at a dist;uice of -KXX) feet) ; as also 
that the conductor may be carried tiirou^h the air, or on 
or under the suifiioe of the earth, ray, even through 
water, without the action of the battery being thereby im- 
paired. This mode of blasting may be more generally used 
since the adoption of small carbon and platinum batteries ; 
the great expense having formerly been an obstacle, as the 
ewly experiments were performed with large deflagrators. 

Jacobi, to whom we are already under such considerable 
obligations for his numerous experiiuents and theoretical in- 
vestigations in this department of science, was employed, in 
1842, in conducting a series of experiments for discovering 
the best mode of conveying hydro-electric currents for tele- 
graphic purposes. In examining how far water might be 
substituted fcx a metallic conductor, he arrived at the im> 
portant results given below. He first established a con- 
dncfion of this nature between Oranienbaum and an arm of 
tlie Gulph of Fuiland, a distance of 5600 feet, one half 
through water, and the other through an insulated copper 
wire, ^ of a line in diameter, which was carried over a dam, 
SO that the entire length of the connexion was 1 1,200- feet. 
The eleclric current was excited by a Grove*s battery, of S4 
pairs, and a common voltaic pile of 150 6-inch plates. A 
sine plate of 5 square feet was sun)L in the sea from one 
pole of the battery, and at the opposite end of the connecting 
wire a similar plate was sunk in a canal joining the sea. 
Charcoal points were used for completing the circuit of the 
Grove's battery; these, and also a fine platitium wiic, were 
made red-hot, and these phenomena appeared to be more 
intense than when copper wires were used as conductors. In 
a later experiment he employed a similar conduction, the 
distance in this case being 9030 feet, namely, from the winter 
palace of the emperor to the Fontanka, near the Obuohowski 
bridge. One of the conductors was a copper wire carried 
under ground, the other was the Neva itself, in which a zinc 
plate 5 square feet was sunk beneath the surface of the river. 
At the other e^ctremity a similar zinc plate was immersed in 
a small pond, wiio^ae level was 5 vi b feet above the i uii- 
VOL J« ' t 
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tanka, from M'lilcli it was separated by a flood-fiate. The bat- 
tery consisted of 25 small Dauielis coustant batteiies, by 
means of which, notwithstanding the graftt extent of wster, all 
the galvanic and magnetic phenomemi were produced. At 
Lena's suggestion, a ^different species of conduction was tried 
between the same stations. A connexion was established with 
a point of the iron roof of the winter palace, which was con- 
nected wit!i tlie ground by means of conducting rods, and 
the current was carried equally well alon'j^the moist earth. 

6. ) To tlie end of one of tlie wires fasten a small strip of 
gold or sih cr leaf, or uf copper or zinc foil, or a small piece 
of extremely thin tin or lead, and establish a contact between 
any one of these and the opposite pole, or one of the plates 
connected with it, and combustion of the metal will ensue* 
attended with a hissing noise, and with variously coloured 
light. Gold burns with a blueish white light, and leaves 
behind a dark brown oxide. Silver burns with a bright sea 
green colour, and emits a trroylsh vapour. The combustion 
of copper gives out a blucish green flame, mingled %vith red 
sparks and a greenish smoke. Zinc burns with a dazzling 
white light and white vapour ; tin with red sparlcs, and lead 
with a purple flame* This combustion of the metals is ren- 
dered still more vivid, by connecting one pole with mercury 
and placing the metal that is attached to the other pole in 

• contact with the mercury. 

7. ) The most sjjlendid phenomenon of this kind is the 
combustion of charcoal points. Polnti d pieces of the re- 
siduum obtained from gas retorts will aiiswer best, or 13un- 
scn's composition may be used for thi? purpose. Put two 
such diareoal points in immediate contact with the wires of 
your battery ; bring the points together, and they will begin 
to bum with a dazzling white light. The charcoal points of 
the large apparatus belonging to the Royal Institution be- 
came incandescent at a distance of of an inch ; wlien the 
distance was gradually increased till ihey were 4 inches asun- 
der, they continued to burn with f^reat intensity, and a per-- 
manent stream of light played between ibem. Professor 
JBunsen obtained a similar flame from a battery of four pairs 
of plates* its carbon surface containing 29 feet. The heat of 
this flame is 'so intense, that stout platinum wire, sapphire, 
cfuarts, talc and lime, are reduced by it to the liquid form. 
It is worthy of remark, that no combustion, properly so 
ealled, takes place in the charcoal Itself, which sustains only 
an extremely minute loss in its weight, and bec?'''nes rather 
denser at the i^oints. The phenomenon is attended with a 
still niare vivid brightness, if the charcoal points are placed 
III a vacuum, or in any of those gases which are not sup- 
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porters of combttstioti* Instead of two charcoal points* one 
only need be used if the following arrangement is adopted : 
lay the piece of charcoal on some quicksilver that is con- 
nected with one pole of the battery, and com])lete the circuit 
from the other pole by means of a strip of })1atiniim. When 
T have used a piece of well-burnt coke in tiie manner just 
(iescrlbed, I have obtained a light which was almost intoler- 
able to the eyes. 

These tbermal phenomena happen not merely at the 
points, as in the experiments described above, but also in the 
battery itself, both the electromotors and the connecting 
liquid becoming heated, the elevation of temperature of these 
latter bemj^ much less than that of ttie connecting? wires, be- 
cnti<;e the transverse section of their conducting surface is 
much greater. 

§ 51$. 

4. ) Fhysiological effects* — ■ The physiological effects of the 
hydro-electric current on the nerves and muscles of animals are 
essentially the same as those produced by frictional electricity, 
modified, however, in some degree, by the continuous action of 

the current ; they are also characterised by the presence of some 
chemical influence, which excites tlie organs of taste aiul sight in 
a remarkable niannor. Very small batteries are adequate to ex- 
cite the organs ot taste and sight, but a large apparatus is needed 
to produce any perceptible influence on the sense of touch, so as 
to cause the nerves and muscles of the human body to contract 
when it forms part of the circuit. These effects may be rendered 
almost indefinitely more powerful by increasing the number of 
plates, whereas the magnitude of the excited surface exerts no 
peneptible influenet on them. Hence, to produce a shock, we 
should use the common voltaic pile, or one of Faraday's or 
Young's batteries (§ 506.), with plates of about 2 square inches. 
The most efficient batteries, with larjxe plates, ajid even 
those of platinum and charcoal, which exhibit to perfectiou the 
remarkable phenomena of incandescence, seem almost totally in- 
effective .when used to produce this other class of elfeeu. This 
strongly-marked distinction in the capacities of batteries consist- 
ing of a number of small pairs of plates, and those which are com- 
posed of a few large pairs admits of a satisfiictory explanation by 
Ohm's law. (§511.) In any case when it is desired that the 
current should exert a powerful influence on some bad conducting 
substance, the density of the electricity must be increased as much 
as possible by employing a great many pairs of plates, and thus 
tiie resistance oHcred to the conduction and transmission of the 
fluid through its circuit by the interposition^ for example, of the 
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human hodjt is more easily overcome : this end would not be at- 
tained by increasing tiie quantity of the electricity, nblch we 
might do, eitlier by increasing the effective surface, or by using 
more powerful combinations, because, by either of these int-ans, we 
should reduce only the resistuiice that we meet wiiii in tlie bat- 
tery itself^ and that, compared with the fesistance of the non- 
conduct Lng substanee that forms a part of the circuit is, after al)» 
but very small. So, also^ we can easily explain why these effects 
are rendered still more powerful, if that portion -of the human 
frame which is enclosed within the wires be moistened with some 
liquid that is a good conductor : tlie effect is heightened still 
further, if large metallic surfaces, instead of merely the points of 
the wires, are brought into contact with the body : by either of 
these mudes, the strong resistance which the human fiame offers 
to the transmission of the electricity is much lessened. 

Suppose we use a single pair of plates, whose electromo* 
tive power we will call If and tiiat the resistance of the hu- 
man body which forms a part of the circuit is 100 times 
greater than that of the pair of plates, then, by Ohm's for- 
mula, the effect of the current on the body may be expressed 

by the ftacdon -— L — = • Next uise a battery consist- 

' 1+100 101 ' 

ing of 100 such pairs, and its effect will be represented by 
100 

— 8 L which is much irreater than that of the sioffle 
100 + 100 ^ © "» 

pair ; now if we were to employ a single pair of plates with 
an electromotive force 100 times greater than that of the pair 
first spoken of, or, in other words, one whose resistance to 
conduction shaU be 100 times less than that of the former ; 
the effect of its current on tlie human frame would be only 

— = 1 _ which is but very little more than that of 

^ + 100 100.01 

the first pair, whoso electromotive power we supposed tO he 
only ijjgth part of the power of the latter pair. 

The following are a few of the i)rinci])al experiments by 
means of which these effects of the voltaic cui i eiit may be 
verified. 

Eiperimeni$ (I). ^ GWtMmfs fimdamtiktal experiment de- 
serves the first place in this list. Touch the nerveof a dead 
frog's spine and the muscle of one of his thighs with two dii^ 

ferent metals, ex. nr. with zinc and silver, or zinc and copper 
wires, bring their j'oints into contact, and the frog's leg: ^^''^^^ 
become violently contracted. These muscular contractions 
will be repeated as often as the connection of the wires is re- 
established, and in young frogs especially they may be per- 
ceived even an hour after death. Bailey substituted with 
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complete success the hind leg of the common grasshopper for 
that of a frog. 

2. ) ImpaHmg fAc shock to a Ueek* Lay a mWer coiii« a 
fiTe-shilling piece will do very well, on a larger plate of rinc, 
either tnetallically pure or amalgamated, and on the coin 
place a live l^ch. When he moves so as to touch the 7:inc, 
'and thus e«;tablish a connexion lictu ccn thU metal and the 
•silver, he will receive a sliock, and wiii instantly rLc oil. 

3. ) The nerves of taste excited in the human subject. If 
the hydro-electric circuit be completed by the interposition 
of the tongue, one pole of a battery being placed in contact 
with the tip of the tongue, and the other pole being made 
to touch a moistened part of the face, the metal on the 
tongue will excite a peculiar taste, varying according as it 
conveys either + or — electricity; the former produces a 
sourish cool taste, but the latter can*^es n bitterish biirnmg 
or alkaline taste; this is owing to the chemical decomposi- 
tion of the saliva by the electric current in its passage. The 
effect may be produced by means of a very simple galvanic 
combination, namely, by laying a silver spoon and a polished 
strip of zinc one above and the other under the tongue, and 
then bringing the ends of the metals into contact. Tlie 
sensation will be more powerful if a small battery of from 
10 to 12 pairs of plates be used. 

4. ) Excitemrnt nf the nerves of sight. A peonlinr flf\sh or 
luminous appearance will he produced by bringing tlie ])oles 
of a voltaic iinttery to two part -; of the body lietween which 
the eyes are situated, as, tor instance, the corners of the eye- 
lids ; or a similar efiect may be produced by holding one of 
the wires with a moistened hand, and planting the point of 
the other wire against the edge of the lid, or against a piece 
of tin-foil held over one of the eyes« which is to be closed. 
The phenomenon occurs on completing the circuit, and 
ajjnin in a lower des^ree when the connexion is broken. A 
similar l)iit; more feeble impression is produced by placing a 
silver spoon between the gums and one cheek, and a strip of 
zinc held in a like position on the other side, the circuit is 
completed by making the metak touch outside the mouth. 
The intensity of the flash is heightened by using a small 
pile of some 10 or 12 pairs, and establbbing a connexion 
by means of the hand, the wire being brought against some 
moistened part of the fiice. 

5. ) fnjfuenre 071 the organs of hearing. Bring the poles 
of a small battery to the interior of both cars, and at the 
moment when the connexion is established, a slight shock 
will be felt in the head, and a roaring souud will be beard 
SO long as the wires are held in place. 

I S 
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6.) Muscular contractions and shocks of the nervous system. 
To induce an electrical shock that shall be plainly felt, it 
is necessary to have a battery of at least from 10 to 15 pairs 
of plates ; with a pile of from 50 to 100 pairs the shock is 
pretty strong, tufficientiy so to cause violent shudderings in 
the fingers, arms, and even in the chest, besides occasioning 
in any sore places a sensation as if the skin were being 
pricked or burnt. On cIuslI v observing this effect on the 
nerves, three distinct staj2:es in the process are readily distin- 
guishable j first, at the luouient when the circuit is com- 
pleted, an electric shock is experienced; nez1« the continued 
action of the current causes a series of contractions rapidly 
succeeding each other ; and lastly, when the connexion is 
broken, a less violent shock than before is felt. Tlie shock 
of a voltaic battery may be distinguished from that of 
common electricity, inasmuch as the latter is felt far less 
deeply, affecting only the outer part of our orphans, and being 
exhausted in a moment; the voltaic sliock, uii the contrary, 
penetrates farther into the system, propagating itself along 
the entire course of the nerves; this permanent action on 
the nerves is rarely perceptible when piles of fewer than 
from 40 to 50 pairs of plates are used, lliese physiological 
effects may be considerably heightened in intensity by con. 
necting with the battery two metallic cylinders, called 
conductors, and grasping them with the hands well 
TOoisteiiL'd in salt water. By using conductors, the voltaic 
shock can be communicated to a lai Lijc number of persons if 
tliey join hands, after well wetting tiiem in a saline solution. 
Since the most powerful e£Pect is produced at the instant 
when the connexion is established, and when it is broken, 
the influence of the electric current is eon^derably increased 
by causing a rapid alternation in the completion, and break- 
ing of the connexion. This is effected by means of a very 
simple contrivance, a copper disc being used for this purpose: 
the periphery of the disc is indented with teeth into which 
a metallic spring fits : this wlieel is then connected with one 
pole of the battery, and the spring is connected with the 
conductor which the operator holds in one of his bands, his 
other hand grasping the other conductor which belongs to 
the other pole. The whed is then made to revolve, and the 
connexion of the battery is alternately established and 
broken, and with every change the effect of the electric 
current on the human frame is renewed. Dry electric piles 
(§ 508.), even when the number of pairs of plates is consi- 
siderable, do not produce any perceptible physiological 
eilects. 

The influence of thehydro*eleetric eurr«nt on the nervoua 
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system has, in many instances, been applied successfully to 
the restofation of persons in whom animation was suspended. 
The experiments performed on human corpses, and on the 

dead bodies of the larger animals, are worthy of notice ; by* 
means of a voltaic pile, Aldini set in violent motion the feet 
of a corpse, caused the eyes to open and shut, nnd distorted 
the mouth, cheel<s, and the whole of the countenance. fJrc 
connected one of the poles of a voltaic battery with the supi .i- 
orbital nerve of a man who was cut down after hanging for 
an hour» and connected the other pole with the nerve of the 
criminaVs heel : on compledng the circuit, the muscles ac- 
quired a frightful activity, so that rage, despair, and anguish* 
with horrid smiles, were successively depicted on the coun* 
tenanee. Similar phenomena may be observed in e\]^eri- 
mcnting on the htvul of a sheep, calf, or other animal, 
sliortly after it has been killed. Tear off the claw of a 
crab or lobster, and send a hydro-electric current through it, 
and the claw will instantly contract ; nail a neat*s tongue to 
a table, send a discharge through it, and the contractions 
will be powerful enough to draw the naiL 

§ 516. 

5.) Chemical effect!^. — The chemical effects of the hydro-electric 
stream arc indisputably the most important of all tliat are gene- 
rated by eitlier the simple voltaic arrangement or by the lar«rer 
batteries. They were observed by Carlisle and Nicholson shortly 
after the original discovery of Professor Volta; Faraday's inves- 
tigations have recently added most materially to our knowledge 
of this subject, and in particular, it is to him that we are indebted 
for detecting most of its laws. 

To produce tlicse effects the current must be conducted com- 
pletely tbnuigh the substance whidi is to be decomposed; as 
soon as the circuit is completed tliey will bci^in to he in operation, 
and will continue so until the connexion is broken. The bodies 
to be resolved must further be conductors of electricity, and their 
particles must be in such a condition as to move freely among 
each other : this latter requirement b fulfilled by bringing them 
into a liquid state either by dissolving or fusing them. The 
chemical influence is then eterted both on the eleetromotive 
fluids employed in the battery, and also on any liquids which 
form a part of the circuit tln oiia;h whicli the stream is sent. All 
chemically compound substances are not immediately resolvable 
by means of the electric current, as there are some whose decom- 
poaition is the consequence of a secondary action. This &ct was 

I 4 
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first discovered by Faraday, who called all those bodies which 
can be immediately resoWed by the current, dettnUyUip and the 
elements into which they are resoWed, iouM, and the process itself 

etectroli/sis. 

The electromotive force required to decompose the electrolytes 
varies greatly. A very feeble stream is sufBcient to resolve 
iodide of potassium, whereas the decomposition of pure water can 
be efiecled ouly by the action of a powerful cuneiil, and the 
alkalies require the application of an extremely strong stream to 
resolve them loto their elements. Decomposition may sometimes 
be effected even when a feeble current of electricity is employed, if 
aided by any chemical affinity* through which at least one of the 
elements becomes disengac^d, or a new compound is formed. 
£ven when the fluid exhibits no perceptible decomposition, it by 
no means follows that none takes place, as the galvanometer al- 
ways shows the passage of the current through the fluid. The 
chemical action depends principally on the quantity and on the 
intmity of the electricity sent through an electrolyte, a matter 
that will in gre»t measure be regulated by the conducting power 
of the latter. 

The following results have been obtained experimentally, 
and are found to coincide with the deductions from Ohm's 
law : if the body to be decomposed has a very low con- 
ducting power, its electrolysis will he effected only by em- 
ploying a battery consisting of a great many pairs of plates, 
and the number of plates must be increased the greater the 
chemical affinity which the elements of the electrolyte have 
for each other. In this case it is ibe 'iniennty of the elec- 
tricity which regulates the effect produced, whereas any 
increase in its quantity, obtained by enlarging the excited 
surfaces, and any diminution in the resistance to conduction 
offered by the battery itself, are equally inoperative tor in- 
creasing the action, it, on the contrary, the electrolyte be 
a good conductor of electricity, the chemical decomposition 
will be perceptibly accelerated by increasing the excited sur« 
face of ihe electromotors, and by interposing a better con- 
ducting fluid between them : if we diminish the resistance 
of the electrolyte itself to conduction, the chemical action 
will be rendered still more intmse: tins maybe done by 
lessening its length and th!c>kne<;<?, and so increasing the in* 
tensity of the current sent through it, 

Ritchie ^vas led to believe, from a number of experiments 
which he perlbrmed, that the chemical effect of the current 
varied as the square root of the number of pairs of plates 
oompodng the battery. Hence it would be more advan- 
tageous to combine eight sin^ voltaic purs into two bat- 
teries of four times the sur&ce, rather than into a single' 
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battery of eight pairs, for in this case the action of the former 
will be to that of the 'latter as 4V 2 : W8, or as 2 v'^ : 
1 V'b ; ue. as 2:1. 
One of the most important discoveries was this, that in all de- 
conpositions of this kind, the elements into which the substances 
are resolved so arrange themselves on the surfoces of the metals 
which conduct the current in the electrolytes, that certain elements 
are invariably found on the one pole and others as constantly on 
the opposite. Thus oxygen, chlorine, iodine, and the acids, al- 
ways collect about that metal which is connected with the + 
po!e of the battery, but hydrogen, most combustible substances, 
the basi s of the salts, and the metallic oxydes, range themselves 
on the metal which is attached to the — pole. 

This has been attributed to some peculiar attraction and 
repulsion of the elements of the substance undergoing de- 
composition, which attractive and repulsive force proceeds 
from the poles of the battery along the wire or other con- 
ductor of the electricity to the fluid, and so brings about the 
decomposition of the body. Faraday is of opinion, that the 
force does not emanate from the poles, but that it resides in 
the substance undcrgoin«T resolution, and thus he accounts 
for one element's ^oini^ to the positive, and tiie other to the 
negative end of the battery. He regards the poles of a 
hydro-electric battery as the points of egress and ingress of the 
electrical action, whence the influence which we designate 
the electrical current is propagated through the electrolyte ; 
In accordance with this view he gave the following appro- 
priate designations : The poles of the connecting wire in 
any tiuul submitted to the process of electrolysis, he termed 
electrodes; that which goes from the + ]K)le of the battery, i. e. 
the positive electrode, he distinguished as the anodty and the 
other or negative electrode proceeding from the — pole, he 
called the cathode ; an ton which deposited itself on the anode, 
he named anoitum; such as arranged themselves on the 
cathode, he named caihions. It is not absolutely necessary 
that the electrodes should be metal, their surface may be air, 
water, or any f>ther substance whatever ; all thnt is essential 
is, that tlic stream should pass through them into the fluid 
you wish to decompose. 

Fechncr, on the other hand, has attempted to explain the 
chemical effects of the electric current, on the hypothesis 
that they depend on the fundamental electrical forces. He 
assumes that the very same process u carried on between the 
elements of an electrolyte as goes on when two electromotors 
are brought into contact. Both elements are by him sup- 
posed to be in opposite electrical conditions as the result of 
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their eontaet; Hhey^ therefore, attract each other, aodare'held 
in a latent state. When the connexion in a voltaic battery 
is established by means of an electrolyte, and before elec- 
trolysis commences, its elements will arrange themselves in 
the following order, by virtue of the electrical polarization 
emaoating from the excited electromotors. (See § 505*) 

+ PoIer(« • \> • ^'>y •/) ^ 1 -Pole. 

Now to eflTeet a separation of the elements a and 6, the at- 
tractive force of the 4- pole on the negative particle a must 
exceed the force by which it is joined to + b. In such a case 
the particle a would either combine with the substance of 
the pole (or electrode), if th^} ro(|uisites for a chemical com- 
bination were fulfilled, or else by the action of the pole it 
would merely be deposited on it ; a repulsive force would 
then be excited on the particle 6, and an attractive one on c. 
These two particles would thus be brought nearer together ; 
for an instant the^ would combine, but the progressive and 
overpowering action of the + pole would almost as quickly 
separate them, and thus the influence would be regularly 
transmitted through the entire stratum of the electrolyte 
lying between the poles (or electrodes), b and c change 
places In consequence of the influence of the pole ; h and d 
are then rendered repulsive to each other, wliile the former 
attracts e, <f is therefore driven towards the — pole, and e Is 
attracted by the + pole, and so on. The same influence 
which has been assumed to emanate from the + pole, proceeds 
also from the— pole, only with this distinction, that it acts 
on the elements of the electrolyte in the opposite direction : 
electrolysis ^accordingly carried on and supported by the 
simultaneous and corresponding action of both poles. 

According to this theory, the permanence of tlie current 
18 owing to the chemical decomposition and transmission of 
the elements* resulting in the first instance from their con- 
tact. The consequence is the same as would ensue if the 
electrolytes were merely conductors and not exciters of 
electricity ; but the internal process is altogether different. 
The olomcnts liberated by electrolysis propagate, according 
to this hypothesis, not tliat electricity which they derive from 
the metals but their own antagonist electricities, for wliicii 
they are indebted to their chemical combination. Since, 
however, this electricity neutralises the opposite electricities 
of the electromotors, a fresh excitation and discharge of 
electricity must be supposed to take place in all the metalUo * 
plates of the pile; 
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. \Vc have already remarked, that all compound bodies cannot 
be immediately decomposed by means of the current. Faraday, 
therefore, divides them into such as admit of primary and ttcondary 
4fc(mpo$iiian. Those bodies which are decomposable directly by 
the electric current, the electrolytes, must consist of two ions, 
and must also render them up during the act of decomposition ; 
l)ut nitric acid and sulphuric acid arc not electrolytes, because 
they are not composed of electro-chemical equivalents of simple 
ions, and can only be decomposed by a secondary action : in many 
of these cases, the electrolysis of water forms an important part 
of the process. New chemical combinations are often formed 
simultaneously with the decomposition of an electrolyte ; the ions 
being in contact with each other at the moment of their evolution, 
^vours their combining chemically. In many cases the elements 
combine clicmically with the .metallic electrodes or polar wires, 
whose surface thereby becomes altered, or the elements of tho 
solvent may unite Avith those of the substance lield in solution. 

This secondary action obtains most fiecinently in the de- 
composition of water and aqueous solutions. If gold or 
platinum be used for the electrodes, the oxygen will be given 
ofT at the + electrode, and the hydrogen at the — electrode ; 
but if the + electrode be made of any base metal as edr. ffr, 
zinc, no oxygen will be evolved there, for it will combine 
with the metal and form oxide of zinc. If the water contain 
any sulphuric acid, it will unite with the compound just 
named, and form sulphate of ?inc. In an acjueous solution 
of iodide of potassium, the iodine will appear at the jmsitive, 
and the hydrogen at the negative elect! ode : the potassium 
will unite with the oxygen of the water and form potassa. A 
solution of sulphate of copper in water while decomposing 
gives off oxygen at the positive electrode, and metallic copper 
at the negative pole, sulphuric acid being obtained in the 
liquid. The process may be conceived of thus, namely, that 
the metallic oxide is conveyed by the current to the negative 
electrode, and that it is reduced by the evolution of the 
hydrogen from the water ; the oxyc^efi and the acid, mean- 
while, go to the positive electrode where the oxygen escapes 
in the form of a gas, if the electrode be of cither gold or 
^ platinum, and the add remains behind in the liquid ; if, 
however, the electrode be of some base metal the oxygen and 
acid combine, as stated above, with the metal. 
The regularity with which it was observed that the elements 
ranged themselves when boflit s were electrolysed, some on one 
pole and others on the other, led to the formation of a new system 
of chemist rv, known an electro-chemistrf/. Sir H. Daw, who was 
• the first to make important discoveries in this department, was 
tlie founder of that system which Berzelius afterwards so mate- 
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rlally extended and Improved. This 83rsteni proceeds on the as- 
sumption that the attractive ibree of opposite electricities is the 
fundamental cause of every chemical .combination whatever; 
every compound substance, therefore^ consists of one positively, 
and one negatively electrified element. Starting from this point, 
an attempt has been mnfle to arrancro all the simple substances 
according to their cimice of the electrodes in a hydro-electric 
battery, so that the elomeiits might stand in sucli order that any 
one combined with that which preceded it in tiie series would, on 
being electrolysed, go to the positive electrode, while the latter 
would go to the negative ; in such an electro-chemical series, the 
first element will he that which is the most n^^ve, and the last 
the most positive. On the same principle, the acid in a salt is 
regarded as its negative, and the base as its positive element, 
because, when subjected to the process of electrolysis. t!io base is 
found at the negative, and the acid at the positive electrode. 

The electro-chemical order of the .34 simple substancLS as 
^jiven by Berzelius in 1835, is as fallows : oxygen, sulphur, 
nitrogen, fluorine, chlorine* bromine* iodine^ silenium, pbos« 
phorus, arsenic^ chromium, vanadium, molybdenum, tung- 
sten, boron, carbon, antimony, tellurium, columbium, tita- 
nium, silicium, hydrogen, gold, osmium, iridium, platinum, 
rhodium, palladium, mercury, silver, copper, uranium, bis- 
muth, tin, lead, cadmium, col>nlt, nickel, iron, zinc, manga- 
nese, cci iuEu, tlioruim, zirconium, aluminium, ittrium, beryl- 
lium, ma<i;nesium, calcium, strontium, barium, lithium, 
sodium, i)otassium. As has been observed already, it must 
not be supposed that the above has tieen absolutely deter* 
mined to be ihe etact order of the simple substances, 
especially as the rank of but few of them has been ascertuned 
by direct experiment : with regard to most it has been 
deduced from their chemical relations. The metals which 
precede hydn^irt^'^^ in this list are eleUnMiegativef and such as 
come after it are vkciro-pos'itive. 
As we have described in the procedinj^ parag^raphs the prin- 
cipal phenomena which allcnd the eiecLro-cheuiical decomposition 
pf a compound body, we may now proceed to describe a few ex- 
periments by way of illustration. 

Firtt Eatpt, Ihcompositum of water Water is the sub- 
stance whose electrolysis was first noticed, and as it was seen 
that its oxyr^cn was invariably given off at the + electrode, 
or 4- pole, while the hydrogen was as constantly found at 
the — pole, the former received the appellation of the 
oxygen^ and the latter that of the hydropen pole. 

In consequence of the low conducting power of pure 
water, it can be decomposed only by means of the Intense « 
current obtained from a battery consbting of a large number 
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of plates. Increase the conducting power by mixing some 
acid with the water, and its decomposition will be effected 
by means of a less powerful current ; the action will be still 
further accelerated if the oxygen that is given ofi' cau combine 
chemicallv with the + electrode. 

Water may be decomposed by means of a very feeble 
eurrent, if the fbllowing arrftngeiiient is adopted : 

Immerse a strip of amalgamated sine into a glass of water 
impregnated with a little sulphuric acid, no action of the 
liquid on the metal will be visible ; immerse a strip of 
copper also, it too will be unaffected so long as the two 
metals are kept asunder, but when those parts of the zinc 
and copper which stand above the surface of the Mater are 
brought into contact, or are connected by means of a wire, 
little bubbles are seen to deposit themselves on the copper ; 
these bubbles contain the hydrogen set liee by the decom- 
position of the water, the oxygen at the same time passes on 
to the pofiidve metal (the sine) and oxydises it 

If the electrodes of a battery be of platinum or gold, on 
plunginj]^ them into acidulated water its elements will be 
given off according to the laws of electrolysis, the oxygen at 
the + electrode, and the hydrogen at the — electrode. Both 
the gases rise in the form of minute bubbles in the water, 
and may be taken off in small receivers either separately or 
together, so as to make the detonating oxyhydrogen gas. 
A very oonTonient piece of apparatus for this experiment 
and other similar decompositions has been contrived by 
Mitscherlich ; it is represented in Jij/, 192. : o and h are two 

glass tubes about { an inch wide, 
and from 6 to 8 inches long, gra- 
duated and closed at top ; at p there 
is a side tube through which a 
platinum wire thrust through a cork 
reaches into the tube, and serves as 
a pole of the battery. The action 
of these electrodes is materially in- 
creased by making them terminate 
in a small brush of fine platinum 
wires; their efficiency is still further 
^Sv^o p ^ ^ p heightened by covering these with 

^^JLb^^ alitUe spongy platinum. Fill the 

glass tubes with acidulated water, 
invert them, and plunge their open 
ends under the same! water with 
which the glass vessel g is filled ; connect the platinum wires 
with the mercurial cups, or tiie binding screws a and h : the 
tubes should be so attached to the upright V ^, that Ih^ 
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may hirv^ near together. Tf now the + wire be jjlaccd in 
the niereurial cup a, and the negative wire be put in 6, the 
circuit is completed, and the gases will bcfjiti to be given ofT 
at the two platinum electrodes p p, in such a manner that 1 
measure of oxygen will be collected in the tube o ia the 
same time as S measures of hydrogen will accumulate in k. 

Second Expt, Dteaa^poiiiuni of a neutral salt — Fill the 
tubes of the apparatus just described above with a solution 
of any neutral salt, a«; ex.gr. with a solution of sulplinte of 
sodinrn, or nitrate of potnssium, which may be coloured blue 
with some vegetable pigment, such as tincture of violets or 
iris petals; then the acid being given olF at the + electrode, 
the liquid will become red and the alkali at the — electrode 
will tinge the liquid green. Transpose the poles so that the 
negative electrode shall be In the red fluid, and the poutive 
in the green, after a short lime they will both recover their 
original blue tinge, and then that which bad before been 
red will become green, and the green will turn to red. 

Third Expt. Re'iitlar ilepnsif nf a metal from the solution of 
* a metalUc salt. — It is in tiiis kind of electrolysis especially 
that the de-oxytiii^mij; influence of the hydrogen is observable, 
which is given off at the negative dectrode, whilst the 
oxygen of the metsllie oxide is simultaneously developed 
with it, and the two gases form water ; the positive metal is 
consequently thrown down in a regular deposit on the nega- 
tive electrode. These decompositions are effected by mean*? 
of very feeble currents ; for if their enerjry is considcralJc, 
the reduction will not be brought about with sufficient 
rapidity by the hydrogen, and a ])ortioa of the metal will i)e 
thrown down in the state of oxide. 

The apparatus represented in Jig. 193. will be Ibund con- 
venient for effecting such deposits of the metals by means of 
the current from a simple battery, a is a glass tube a few 
inches in length, and from \ an inch to an inch 
Fig* 193. in width, a piece of bladder is tied over its mouth, 
and the whole is suspended in a larger cylindrical 
vessel, 6. Pour the metallic solution (suljiluite 
of copper, acetate of lead, muriate of tin, or 
nitrate of silver will do) into the glass a ; let the 
outer glass contain a sothtion of ■ chlorate of 
sodium, or dilute sulphuric acid ; then into the 
metallic solution immerse the wire /) of a negative* 
metrd, as ex. gr. a silver, gold, or platinum wire, 
and in the outer liquid plunge a strip of amal- 
gamated zinc z, a connexion will be established 
between the t wo metals, and a hydro-electric hntterv will 
' have bjeen fbirmed, consisting of two exciting fluid >, both of 
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which will be decomposed by the current passing through 
them : after the battery has been some time in action, the 
reduced metal is seen on the negative wire frLijuently in a 
crystalline tbrm, and it will continue to be tlt-pohiteJ uiuil 
the entire quantity contained in the solution has been con- 
veyed to the negative eleetrode. 

A shnxlar result is obtained liy surrounding a piece of 
zinc with brown paper or linen, and immersing it in dilute 
sulphuric acid ; then place this electromotor in a glass con- 
taining a solution of sulphate of copper, and connect a piece 
of some negative metal with the zinc ; a copper, silver or 
gold coin will answer the purpose well, and will in a short 
time be completely coated over with copper. 

The chemical metallic vegetation known by the name of 
ieadt and tin trees, and the s&oer tree, or arior Dioiur, are 
strictly analogous operations, as iii these metailic solutions a 
bit of zinc is immened on which the first atoms of me tal are 
deposited in the first instance^ through the action of chemical 
affinity, tho<;e atoms bfing in contnct with the + electro- 
motor, form a sim]ile voltaic arrnnr!;rnu til, on the continued 
action of which the further deposition oi metal depends. 

In the examples already given, the electromotors them* 
selves discharge the functions of electrodes but the like 
results may be obtained from either single or compound 
batteriest by conducting their wires into a glass containing 
the metallie solution to he electrolysed : in this case no hy- 
drogen will be given off at the — electrode ; but instead, 
there will he formed a regular depo'iU of metal. 

Fonrth I\\rjif. Brduction of the alkaline metals. — As the 
alkiilitie combinations display the most powerful chemical 
atliuities, they require the strongest electric currents to effect 
their decomposition. Sir H. Davy first succeeded in re» 
ducing them in 1807, and so caused the alkalies to be trans* 
ferred from among the simple substances with which they 
had previously been ranked : many other philosophers have 
since that time effected their decomposition. The experi- 
ment may be condncti d in the following manner, bv means 
of a tolerably strong battery, the requisite intensity beln^ 
imparted to the electric current mainly by constructing; the 
battery of a sufficient number of pairs oi plates : lay a thin 
piece of caustic potash slightly moistened on a disc of silver 
or platinum connected with the + pole of a battery, and 
touch the surface of the alkali with the silver or platinum 
wire of the j— pole; the alkali will begin to fuse at the 
pmnt of contact, and soon a small globule of the reduced 
potassium conspicuous by its metallic lustre will be seen on 
■the wire : to secure it from ox>'datk>n» which wquld other 
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wise commence almost instantly, the potassium should be 
put in petroleum, or Barbados tar. 

By availing ourselves of the affinity of mercury, the i^ka- 
lies may be reduced with apparatus of mean power : accord- 
ing to FMTb and Herschel's experiments with piles of not 
more than 1 0 pairs of plates. Xo perform this experiment, 
scoop out a pretty deep hole in a piece of moistened caustic 
potash, and fill the cavity with mercury; lay the potash on 
a platinum plate which is connected with the + pole of the 
pile, and put the quicksilver in contact with the — pole 
whose wire must be either iron or platinum, on it the mer- 
eury will speedily be deposited as a solid amalganL Ae- 
cording to Beneelius, it is best to pour a concentrated lye of 
caastic potash, the solution being such a saturated one^ that 
it shall contain some potash undissolved, over the mercury, 
which should he held in an earthenware saucer, then conduct 
the negative wire to the mercury, and the positive platinum 
one into the lye; the {|uicksilver will become thicker and 
thicker, and sinaii metallic crystals ol liie amalgam of potas- 
sium will be formed, their figure being apparently cubical. . 

Sodium may be decomposed as readily as potassium, by 
the aid of mercury, if we use some of its salts, especially 
^ther sulphate of sodium, or chlorate of sodium ; the alka- 
line earths may also be reduced by means of mercury, which 
combines with their metallic radical so as to form amalgams ; 
the earths will, however, retjuire rather powerful batteries. 

By this process we may obtain the amalgam of ammonia. 
Berzelius's method of obtaining this singular substance is 
the following. The experiment may be performed, he says, 
in the same manner as ^e reduction of potash, with this di& 
foreuce only, that a concentrated solution of sal ammonia 
should be poured on the mercury, which will begin to 
swell up and continue to do so until it attains from 5 to 6 
times its original volume, the metal will acquire a silvery 
whiteness, and will be ot the eonsistency of butter. This 
amalgam may be procured in larger quantities, and of a 
drier form, by scooping out a hole in a piece of sal ammonia, 
moistening it with a little water, and pouring a small quan- 
tity of quicksilver into the cavity, then connect the mercury 
by a platinum wire with the — pole of the battery, a similar 
wire i)eing made to join the moistened sal ammonia with 
the + pole, passing as ne^ar as possible to the quicksilver 
without coming into actual contact with it. Tlie globule of 
quicksilver will increase gradually till at last it extends far 
beyond the cavity which ai lirst cuutaiucd it. 1 his amalgam 
is procured most copiously and readily, if tbe quicksilver 
employed in the last experiment to accelerate tbe reduction 
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be combined with a very minute portion of potas'viiiin or 
sodium, and the baliery be then arranged as dcbciibed 

aboTe. 

Fifth Sxpt, TVmumimcn of the deeompoied tUmentg 
through tubttaneet tphiek have a low conducting powert and 
through Uqmds which have a chemical ajfiuify for them. — The 

transmission of the substances throup^h porous bodies of low 
conducting powers, and through Holds with which they 
might have b. on expected to combine chemically, so that 
they arrive at tiie respective ehctrodes of the battery is cer- 
tainly one of the most extraordinary phenomena of electru^ 
lysis. 

The thurd experiment may serre as an illustration of tbe 
transmission of the elements through porous bodies^ as b1ad«< 
ders, earthenware* and the like ; fi>r, on referring to that 

experiment, it will be seen that the current and the electro- 
lysis of the met il are transmitted through the bladder. This 
process may l)e ix iulcred visible by filling the glass tube 
with a solution of sulphate of budiuui, and the outer glass 
with water, then colour both the lic^uids blue, with some 
vegetable tinetture; and that whteh contains Ihe negative 
metal will become green* and ti»t in which the positive metal 
stands will be red. The like obtains in those batteries which 
have two fluids separated by means of a porous earthenware 
cell. 

The proiliicts obtained by the decomposition of the sub- 
stance electrolysed, pass to their respective poles, through 
different liquids which commuuicate with each otheri as may 
be shown thus : 

Fill two small glass vessels with the liquids to be de- 
composed; connect the vessels by means of some threads of 
cotton. In like manner interpose another vessel, also con-* 
taining some decomposable liquid, between the first two; 
connect it with them by thread ; into the outer vessels brinj^ 
the poles of a galvanic l)attery, and the following results 
will be observed. 

In whatever manner you may have distributed the fluids 
in the d^tferent glasses, af\er some time their electro-negative 
element will have accumulated in the glass that contains the 
positive electrodci and the pontive element in that which Is 
connected with the negative electrode. Immerse, ex.gr,^ the 
positive wire in a soluticiki of sulphate of sodium, and the 
negative wire in pure water, the acid will collect about the 
former and the base about the latter: the base must therefore 
have been carried over into the other glass. This inter- 
change of the substances may be made apparent by 
VOL. m. X 
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djeing th* liquids in the two vessels blue, with tincture of 

The acid or alkaline elements* tn their passage through 
the middle gksa^ do not in the least d^ree affect the liquid 
■ it contains. 

This transmission obtains only when they have to pass 
through a t^uld with which, but for the foltaic pile^ they 
would fortu a solution. 



§517. 

Faraday's comprehensifc Inyestigations led him to diseow 
two important laws in elecirolytt^ the accuracy of which has 
been confirmed by the subsequent reseaiches of Professor Jacobi. 

He found that, " iht chemical power of a cwrent of electricity is 
in direct proportio?i to tfte absolute qunntity of eltetricitt/ vhich 
'passes,'' or, exjjressing it aceordinfj^ to Olim s law, '"/o tfu (^uantitt/ 
of electricity which ptxxsea dunny the pnio ss of decovipositiun through 
the transverse section of ths battery.** Hence it follows that the 
same quantity of electricity will always decompose an equal 
portion of the same substance : so the quantity of the elements 
obtained in any given unit of time w ill depend on the density or 
intensity of tbe current employed. Hence if the intensities be 
tu-ice, three times, or n times greater, twice, three times or n 
times as iiiucli of the body electrolyzed will he decomposed. Jf 
the mass; and density of" the electricity cnntted, that is to say, if 
the eleetiuuiotive power and its intensity, remain uualtert^d, the 
effect of the current or the quantity vf the substance decomposed 
will be the same ; but if one or both of these fiictors be altered, 
the degree of chemical decomposition will be proportionally 
affected. 

If we take into account the time required to produce a certain 

effect, we may use any substance to measure the inteusitv of the 
electric current, if it possesses the following properties, vl/. that 
it is easily resolved, that its structure is perfectly uuifoiui, and 
that the products yielded by its decomposition admit ot being 
readily measured ; the reader will bear in mind that the quantity 
of electricity discharged in a current Is measured by means of a 
galvanometer. Faraday first constructed an apparatus for 
measuring the intensity of the electric current, and gave to his 
invention the name of a volta meter. The electrolyte which best 
fulfils all the requirements is water, and any arrangcnient in 
which n stream of electricity is made to decomjiose it, if furnished 
with ihe me: n> for Tueasuring the quantity ot gas thus generated, 
uiay be regarded as a vulta-nieter. 
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Fig, 194. In fig. 194. we have represented 

V , a very simple and efficient kind of 
ilj^ll^r^ volta-ineter. V is a glass cylinder 
capable of containing from two to 
four ounces of water ; it is covered 
with a well-polishLil ])iece of plate- 
glass, (the lid may, liou ever, be made 
of metal, if care is taken to insulate 
the wires a and whieh are earried 
through it), p p are the two electrodes, which consist of two 
plates of platinum or iron placed parallel, and as near to- 
gether as possible. The wires to which these plates are 
soldered pass air-tight through the lul, and arc connected 
by two binding screws with the wires of the battery, g is 
also a tube, fixed air-tiglit in the top of the cylinder; it 
is meant to be placed under a graduated glass tube in which 
the oxy- hydrogen gas is taken off as it is liberated by the 
decomposition of &» water. According to FoggendorTs 
ezperimentsiy if the electrodes be of platinum, it i^ best to 
mix the water with sulphuric acid, but if of iron, it is ad<« 
visable to add, instead, a tenth part of caustic potash. 
The other law, equal in importance to the first, is this, "Me 
amount of electro- chemical action is a constnnt qumitityy i. e. tronld 
alwmjH ht erfuivalent to a standard chemical ejftct founded tip<m 
ordinary chemical affinity^** in other words, the quantities of the 
products which any stream of electricity disengages by resolving 
varicm detUvfytes are to wJk dker in the same raito ae that in 
which they combine ehemiealfy* This is kndwn as the law of definite 
el&^rolyth action^ in accordance with which Faraday has called 
those masses of bodies which combine with equal definite quau- 
titie<; of electricity electro-chemical equtralents. From the above 
law we may dedtice the following important conclusion, that, in 
consequence of the proportionality that suhsi.sts \n all derompo- 
sitions effected by the ^ame quantity of electricity, reckoning 
according to the atomic weights of the bodies resolved, the atoms 
of all t^Aetan^' whatever muet tahe wp or hold, in an eqtoitty latent 
gtaie, equal pumiitiee ofeketrieity. 

From a number of experiments originally performed by- 
Faraday, and since repeated and modified by Pfaff, it was 
ascertained, tliat for every atom of wnter decomposed by a 
hydro-electric current in a volta-meter, one atom of anjr 
other electrolyte or ion would be resolved by the same stream 
in its passage through another ceil cuutaiuing it. Thus 
Faraday found in transmitting a current of electricity through 
a volta-meter which had an amalgamated zinc plate for its 
positiTC and a platinum plate for its negative electrode, that 
whilst one part hf weight of hydrogen was evolved at tha 
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latter, f^2-3 parts of zinc wore dis«;olved at the former. But 
the equivalents of hydrogeti aud zinc are to each other as 
12-48 : 40S-23, or as 1 to S2-3. The current would produce 
precisely the same effect if conducted through any similarly 
arranged apparatus, ex. gr., in a single pair of plates of 
amalgamated sine i^d copper, or in a compound voltaic 
battery, for every equivalent of hydrogen that is evolved, one 
equivalent of zinc would be dissolved, so that the consumption 
of the metal would be always equivalent to the degree of 
eiecuolysis reached. 

§^18. 

The power of the electric current to effect chemical decom- 
position manifests itself, u"^ has been already remarked, equally in 
every member of a voltaic pile. This chemical action exerts a 
perceptible influence on the effect of the current generated by a 
hydro-electric battery ; its influence being greatest on those 
batteries in whidi either a dilute acid or some saline sohitiim is 
employed as the exciting liquid to act upon the metals. These 
battens in consequence of their combination possess in the first 
instance but a feeble force, for the same fluid is in contact with 
both the electro-positive and the electro-nen^r^tive metal, ron- 
sequently the electromotive power of the two metals is similarly 
though unequally impaired ; their influence therefore in gene- 
rating the current corresponds to the diilerence in the electro- 
motive excitement of the two metals. (Comp. § 505.) The 
elements of the liquid, too, which accumulate aliout the metals 
tend to diminish still more this electromotive diffJ»rence. The 
hydrogen, the bases, or the metallie oxydes collect about the 
negative metal, whilst the oxygen, the chlorine, and the acids 
gather around the positive metal : the former is thorefore coated 
with positive substances : it is thereby polarized and rendered 
less nt'gatlve, and thL* latter by oxidation becomes less positive : in 
proportion as the^e changes are brought iibout in iheelectrumotive 
fluids, and in the met^s on which they act, the difference of 
tension will be diminished and the current will be enfeebled. 
Feefaner*8 opinion is, that the diminution in the fluid's con* 
ducting power that attends its decomposition contributes in the 
highest deijree to reduce the strength of the current. 

These influences tell less powerfully on Daniell's, Grove's, 
Bunsen's, an d the other batteries of more modern construction, 
in which each electromotor stands in contact with a fluid that 
excites it in a manner, the antagonist of that in which the other 
electromotor is excited by the £iid in contact with it. (Comp. 
§ 505.) Hence the initial tension is greater than in sudh bat- 
teries as have but a smgle fluid : again the products obtained by 
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decomposition diminish but little, or not at all, the diflfercnco of 
tension between the electromotors, as will be seen irom the fal- 
lowing considerations. If some sulphuric acid but slightly 
dilutei be used in one of these batteries to act upon the amal- 
gamated zinc, the oxide of sine formed by the oxygen which it 
given off, is dissolved as rapidly as it is produced by the sulphuric 
acid that is in contact with it, so that the sur&ce of the zinc 
remnliis- v(noh?inL'ed ; the electromotive fluid in the meanwhile 
becomes gradually converted into a solution of sulphate of zinc, 
w^hich, as both jPfaff and r^ggendorf ascertained, is nearly or 
quite as effective as the sulplmrie acid ; the electronioiive pro- 
perties of the zinc are therefore but little, or not at all, impaired 
by the continued action of tiie battery. In Danieirs battery, in 
which a solution of sulphate of copper is made to act on the 
copper, the process of decomposition is similarly advantageous ; 
as the positive hydrogen emitted at the copper reduces the oxide 
of copper fonned simultaneously with it, and which deposits 
itself as the pure me!;d nn the ne<4alive copper surface. The elec- 
trical tension of the apparatus is therefore maintained at the 
same point, so lung as care is taken that the solution of copper 
shall be a saturated one. In Grove's and Bunsen's batteries, where 
concentrated nitric acid is used to act on the platinum and carbon, 
^hese electromotors are not polarised and enfeebled by the hy- 
drogen given off at them, because at the very Instant it is gene- 
rated, it combines with one equivalent of oxygen from the nitric 
acid and forms water, and a correspond inj]j portion of nitrous acid 
escapes ^is a gas ; thus, as Schonbein expresses it, the platinum, 
and by analogy the carbon also, become depolarized and relatively 
exalted in their electromotive functions. To this the more recent 
batteries are indebted for their superiority over the older ones, 
suice the effect of their current is for a length of dme unimpaired, 
they are therefore ftirly entitled to the appellation of amitani 

S 519* 

Within the last few years the decomposition and reduction, by 
means of the hydro-electric current, of metals held in a state of 
solution, has led to several important discoveries which have been 
variously applied to industrial purposes. Such are the iCrts of 
deetrotyping or gafnmiiOpUuHc, yalvanography or dedi-ography, 
and tledro-fkthig, 

Electrotyping was simultaneously (1839) invented by Jacobi, 
of Petersburg, and Spencer of Liverpool. By this process copper 
casts are obtained of objects. It was observ ed that in a Daniell's 
battery a rejTiilar deposit of copper was formed on the negative 
metal by the secondary action of the solution of sulphate of 
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copper in the course of the deetrolysis ; an object a cast ftom whidi ' 
was desired, was then made to discbarge the fiinctions of the nega- 
tive electromotor in one of these batteries, and the molecules of 
copper accumulated on it in a compact mass of uniform density ; 
some contrivance being adopted that after the desired thickness of 
metal had been attained, the whole might be removed without 
injury ; when every elevation and depression, nay, even the most 
minute features of the original, were found to be depicted on the 
copy. Instead of using the object itself as an electromotor, an 
earthenware cell containing the solution <if copper may be used 
as the negative electrode^ and by conducting the stream of elec- 
tricity through it, the deposition of the copper will be obtained 
as readilv as before. 

Fig, 195. represents a very simple electrotype apparatus. 

A is a glass cylinder in which the mould 
from wliich a cast is to be obtained is 
placed ; the width of the cylinder will 
depend on the dimensions of the object, 
B is a narrower cylinder, also of glass, 
suspended on the former by means of s 
metal ring, d e, to which are fixed three 
strips of metal. The mouth of this 
cylinder m n is closed by tying over it 
a bladder or piece of thin parchment. 
The strip of copper or brass, h c, has two 
binding screws, 5, o, (if both are on one 
side it is better) by which the wires ate 
secured, whose lower extremities aet as 
the electromotors. An amalgamated 
slnc-plate Z is suspended in the inner vessel : this is the 
positive metal. The body k from which a cast is to be got 
is laid on the spiral in which the wire bk terminates; the 
model is of course the electromotor. The outer glass, A, 
contains a concentrated solution of sulphate of copper, which 
is kept in a saturated condition by hanging in itamualin 
bag filled with small crystals of sulphate of copper. Water 
slightly acidulated with sulphuric acid, or a solution of 
common salt, is used as the exciting liquid to^ct on the zinc 
in the inner vessel B ; care should be taken that the liquids 
stand at the same height in both vessels. The arrangements 
just described may, without injury, be inverted, that is to 
say, the zinc with its liquid may occupy the outer cylinder, 
and the mould with the solution of copper may be in the 
inner one. It is obvious, from the description given of this 
apparatus, that it constitutes a slmi)le battery with two 
exciting liquids in which the body to be coated with 
copper acts as the negative electromotor. The strip ft e of 
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copper or brass renders the circuit complete, the electric 
stream passes from the zinc Z to the mould ft. If you wish 
to conduct the procen in « jar or ceU» you must pour into 
it a little solution of sulphate of copper; the model must in 
this case be the negative electrode, and a plate of copper of 
about equal dimensions will serve for the positive electrode. 
Let both be placed j)arallcl to each other ; the electric stream 
to be sent through them is obtained Iro n a constant battery 
of from 2 to 6 pairs of plates ; the model is to be coniieeted 
with the negative, and the copper-plate with the positive 
pole of the battery. In this case the plate of copper which 
acts as the positive electrode will be diasolved by the sul- 
phuric acid that is liberated in eiactly the same proportion 
as the copper is precipitated on the negative electrode, that 
is, on the object from which the cast is to be got: the solution 
of copper k thus maintained at the requisite strength. 

The t(W lowing particulars must be attended to, in order to 
obtain guiul electrotype casts. The surfaces of the original 
should be gaud conductors of electricity, and especially they 
roust not consist of any metal or metallic coating which 
would be dissolved by the solution of copper, or Ibr w|^ich it 
has any chemical affinity; iron and steel are consequently 
unsuitable. It is by no means necesnury that the model 
should be of metal ; it may be of <»;ypsum, stearine, wax, 
wood, or of nnv similar non-metallic substance, only the 
surface to be iiiudellcd from must receive a metallic coating; 
hne plumbago dust, or a thin film of silver, or bronze 
powder, laid on with a camel's hair brush, will answer well. 
In taking casts from coins or other metallic objects, on 
which it is undesirable to have any metallic deposit^ it will 
be advisable to do them over with, wax dissolved in turpen- 
tine. It is clear that in every electrotype cast, the elevated 
portions of the orij^nal will be depressed, and the depressed 
will he elevated. To o!)tain an exact facsimile of the original, 
the first cast must Ijo u'.ed as a matrix, on which a deposit of 
copper must be thrown by the electrotype process, and the 
copy desired will be produced. Engravings on copper-plates 
have been multiplied by this means, and the copies are 
equally serviceable for printing from as the originals. M* 
Von Kobell has obtained pictures from rlesigns on copper 
and silver plates, the effect of which closely resembles that 
of drawings in Indian ink. 

Tile electrical stream by which the copper Is thrown down, 
must not he too strong, or the coating of cojjper will not be 
sufficicaLly tiiick and tenacious ; it is of great importance 
that the current should be of uniform strength, for which 
leasoo it is best to use a Daniell's or some other constant 
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batterft that can be regulated by a galvaoic campam 
($513.); the battery Jf^. 195. is furnished with a inagoetic 
needle ns placed on tiie strip of metal he. The constancy of 
the strength of the current . is best maintained by keeping up 

the solution of co])')!^^ in a saturated condition, whicli \nny be 
effected either in the manner namul in describkl|g the 
apparatus, or as has been already shown in § 505. 

We have a remarka,blc iUustration of the periect accuracy 
of an electrotype copy, owing evidently to the extreme mi- 
nuteness of the particles of copper, in the fact that an electro- 
type copy of a Barton*s Iris-button (§ 327.) produces as 
fine an effect by the prismatic interference as the original 
itseli; 

Electrography or pnhrtnogmphrf^ which was first discovered and 
applied by Osann, depends on the opposite effect of the electric 
current to that on which electrotypirj; rests. In this process the 
resolving power of the current is used to bite in iigurci* and draw- 
ings on a copper plate, which is placed in a cell, and acts as the 
positive electrode ; the marks on the plate are made by the deposit 
of sulphuric acid ; all those parts on which it is not intended to act 
are theretbre coated over in the same manner as in preparing the 
ordinary mezzotint engravings. 

FJet froplnfinq is, properly speaking, only a modification and 
extension ot electrotyping, inasmuch as it consists in covering me- 
tallic objects with a coat of solid gold, silver, platinum, copper, 
zinc, lie, oi any thickness that may be desired. De La iiive 
first showed the application of galvanic electricity to this purpose: 
Dr. Bottger introduced some altera^ns in the deteils, which have 
been still farther simplified by 0r. Eisner. In the main it con- 
sists, like the electrotype^ in covering with one or other of the 
metals named above some object which acts as the negative 
electromotor in an apparatus resembling that depicted in fig. 195. ; 
the object to be electro-plated is immersed in a solution of the 
metal with which it is to be covered ; this solution eiterting on it 
an eiectromotive influence, so electrolyzcs it by the current which 
is generated, that the metal disengaged from the solution Is 
regularly thrown down and adheres firmly to the immersed body. 
£lkington*s and Reeok*8 method, which has come to be generally 
adopted, differs from that just described in carrying en the trans- 
fer of the metal in a distinct cell. According to their plan the 
metallic solution is contained in a vessel of glass or earthenware, 
the size of which is proportioned to the dimensions of the object 
to be gilt or silvered. Immerse the object completely in the fluid, 
and cuanect it with the — pole of a coiibtauL battery of from 2 
to 6 pairs of plates ; it will thus ibrm the negative electrode ; 
suspend a plate of the same metal as is held in solution and of .cor- 
responding sise with the object you desire to cover opposite to it 
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in the licjiiid, and it will act as the + electrode. Any gilt or silvered 
article may be deprived of the metal \vith which it is coated by 
using it as the positive electrode and a similar piece of metal for the 
negative electrode ; the plating will thereby be dissolved and be 
transferred to the latter* Solutions of the cyanide of the various 
metab are most commonly employed for this purpose;* Dr. 
Hanle says the simplest mode of obtaining them is to pour an 
aqueous solution of cyanide of potassium (I part of the latter to 
10 of wntcr) into a glass, in which suspend the metal, rolled as 
thin as possible, as the positive electrode, and at the distance of a 
few inches hang a copper wire as the negative electrode, taking 
care that it shall not sink more than ^ an inch below the surface 
of the liquid. Keep the solution at a temperature of about lOOO, 
and in the course of 24 hours the electric current generated vill 
have dissolved the metal : when the tip of the eopper wire which 
acted as the negative electrode begins to be covered with a dq>osit 
of the dissolved metal, the solution is strong enough. 

The tinning of iron, steel, and cast-iron must of necessity 
be highly important for many purposes connected with the 
arts, and we may even anticipate the application of the pro- 
cess to protect tire-arms and ammunition from the action of 
weather. 

On this principle Becquerel conducted his experiments for 
obtaining in a crystalline form many bodies which had not 
previously been procured in that state. For this purpose a 
very delicate stream was conducted by fine wires into the 
fluid that was to be decomposed ; on which after a consider- 
able time, extremely minute particles were deposited in the 
form of beautiful crystals. Batteries such as that represented 
in jig, 193. will be found well suited for this experiment. 
If a feeble current be applied to polished plates of platinum, 
steel and silver, by using them as electrodes, and immersing them 
in an electrolytic fluid, certain figures will be visible on them, 
called after their discoverer Nobiirs Electro- Chemical Figures ; 
the best solutions are those of acetate of lead, acetate or sulphate 
of copper, and acetate or chlorate of manganese ; using then a 
polished plate of any of the three metals named above as one 
electrode, take a fine-pointed platinum w ire as the other electrode, 
and bring it within one or two lines of the plate. Tlie elements 

Note. ~ Mr. Walker has succeeded in reducing the alloys by voltaic elec- 
tricity. His process is to prepare a strong solution of cyanide ofpoCSSiiuin, 
and commence electrolysing it, by means of a copper anode ; as soon as copper 
begins to be dissolved, the copper anode is removed, and its place supplied 
with one of zinc; after tlic action has continued for some little time, brass 
will be liberated oa the cathode. The solution is now ready for use, and is 
operated upon by two or throe Daniell'i cells, sad wWtt a btast anodst Br 
•finiiar means alloys of gold and copper,or gold Sod lOvcr may be dcpoiltsd. 
^Athenaum, June 28. 1845. 
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obtained by tbe decompoflitlon of the liquid will be depofdted on * 
the metal plate» generally in the form of concentric circles whose 
centre is exactly oppottte to the point of the wire ; their colours 
are various, \ery much resembling Newton*e prismatic rings 

(§ 327), and so firmly fixed that they cannot be removed even 
by washing the metal with nitric acid. It has been remarked 
that with regard to many of the solutions (cr. gr. acetate of 
lead, acetate and chlorate of man<yanese), the figures are more 
beautiful if the plate is used as ilie + electrode, whereas with 
Others (as, ex. gr,, acetate of copper) they are meet brilliant if the 
plate is the — electrode. After a figure has been formed reverse 
the poles and it will gradually vanish; if the action be continued 
the opposite electrical figure will appear. 

The above remarks may be illustrated by the following 
experiments : — 

First Expf. According to Fechncr, Nobtli'f? figures may 
be produtL'd hv the feeblest current of a simple voltaic bat- 
tery; lay a buiuil plate of polished platinum or steel in au 
earthenware saucer, and pour over it a solution of acetate or 
sulphate of copper to the depth of « few lines, and touch the 
plate with a pointed strip of sine the other end of which is 
in the fluid. 

Second Expt. These figures will be obtained with increased 
brilliancy and beauty by using a constant battery of from 
two to six cells. Then, according to the solution employed, 
connect the plate w itli either the + or — pole of the battery, 
and bring the pointed platinum wire which conducts the 
electricity of Hie other pole to within • couple of lines of the 
plate. As soon as the electric circuit is completed the 
action of the platinum point commences and rapidly extenda 
itself over the whole plate. 



§52a 

Hydro electric currents are capable, not merely of bringing about 
chemical combinations and decompositions, but alio of impeding 
such changes as, according to the ordinary laws of afiintty, would 
ensue in a mode eiactly opposed to the tendency of the current. 
Thus to guard a metal against the chemical action of an acid or 
a saline solution upon it, all that is nccos«;ary is to place it in con- 
tact, or to combine it with some other metal in the fluid, which 
may act as the positive electromotor when in contact with the 
metal you desire to protect. The oxydizing and dissolving 
elements of the fluid are deposited on the + metal, whilst only 
the positive elements are given off at the — metal. In this man** 
ner iron, copper, tin, lead, end silver are secured by means of 
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zinc against the chemical actiun of sulphuric, nitric, and muriatic 
acids, as well as gold and pladnum against the dissolving power 
of nitro-muriatic acid. Sir H* Davy successfully applied this 
principle in the means he employed for protecting the copper 
tx>ttom8 of vessels against the corroding influence of the salt* 
water; he connected plates of zinc, cast or wrought-iron, with the 
copper sheathing to the extent of from ^Jgth to jj^th of its entire 
surface. — Sometimes disadvantages are found to attend from 
the deposit of positive elements on metallic surfaces, as, for in- 
stance, ieaiieii water-pipes occasionally become choked at the joints 
by the deposit of lime held in solution in the water. 

J%ird Expi. Lay a piece of iron or copper plate in an earth- 
enware or glass vessel, and pour on it some diluted sulphuric 
acid ; the metal will be violently acted upon by it and dis- 
solved. Now touch it with a piece of zinc, and the chemical 
action on the first metal will be suspencfc cl b. iiio: transferred 
to the zinc, and until it is wholly dissolved the copper will 
not again be acted on. 



§521. 

Lastly, from the action of these currents, generated between 
tiie polar wires and the elements of an electrolyte, there arise 
peculiar movements which, from their origin, are called electro ^ 
chemical movements. These phenomena were first observed several 
years ago by Erraann, and have since been more closely investi- 
gated by Herschel, Pfaff, ilunge, Fechner, and others. To 
render these movements visible, pour the liquid that is to be 
eleetrolyzed on some mercury, introduce the electrodes of a 
voltaie battery, and, according to the chemical character of the 
fluid, the currents will be generated from the + or the ^ wire, 
sometimes from both ; their course is sometimes rectilinear and 
at others curvilinear. ^ 

These phenomena may be observed with voltaic piles of 

from 10 to 20 pairs of plate*?, or with constant batteries of 

from 2 to 4 cells ; with many fluids indeed, very small 

single batteries will be sufficient. 
The following are the principal results to be noticed in 

performing these experiments : — 

Pour some acid, ex. gr,, sulphuric acid, slightly diluted, 

on mercury, and the metal will be repelled by the + pole; 

but if any alkaline solution be added, it will be attracted by 

the same pole. 

Immerse the negative wire in the quicksilver on which 
some alkaline solution rests, whilst the positive wire does 
but just touch the metal, and it will instantly collect about 
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'the — pole, and recede from the + pole. Establish the 
contact of Uie mercury again with both the poles; the same 
effect as before will ensue, so that there will be an alternate 
contraction and expansion of the metal. If an acid be used, 

the pulsations occnr on plun^in^ tbo positive wiro into 

the mercury, the negative wire only just touchiug its 
surface. 

Rungc says, that the following elcctrocbemical motions 
may be induced by a simple voltaic arrangement : — Pour 
a concentrated solution of common salt on quicksilver, and 
lay very carefully a small crystal of' sulphate of copper on 
the middle of the mercury, and in a little while the bright 
surface of the metal will be covered over with a film. Now 
touch the (juickHilver, by piercing the solution that covers it 
with a sniootli iron wire ; the film will be rent asinider. tlien 
it will entirely disappear, and an electric current will be 
generated that will impart a rotatory motion to the crystal, 
which will.grow less and less until it ceases to be visible. 



The acquaintance we have now gained with the varied cfTccts 
produced by the hydro- electric current will enable us to judge 
which will be the best ailapted to serve as a measure of its 
Strength, Fechner, who, by his admeasuremmts of voltue cur- 
rents, has gained so thorough and comprehensive a knowledge of 
the subject, gives the following estimate : — 

He says that, in consequence of the unequal and inconstant 
degree of excitability in organised beings, the physiohgicd efftcta 
of the voltaic current are by no jneans calculated to give us an 
accurate measure of its strength. 

The excitation of heat, as shown in the incandescence of the 
wires, aifords us a iiigh, but by no means sufficient degree of 
certainty In comparing cui'rents ; and is applicable to powerful 
batteries, but must necessarily fiul with re^rd to such as have 
but a feeble current. 

The chemioal effteit of the current, and especially its decompo- 
sition of wnter, supplies ns with an extremely accurate and inva- 
riable standard for estimating; the force of the current, as regards 
both the quantity and intensity of tht t'lLetricity. AVe may either 
compare the quantities of gas given oil' in the same time, or we 
may notice the times requisite for generating an equal quantity 
of gas. The voltameter, described in § 517., is an apparatus 
suited to this mode of .measuring the current, and has been thus 
used» especially by Faraday : it is not, however, free from some 
serious defects. It cannot be applied to a simple galvanio ar- 
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rangemcnt, because water is dissolved so slowly by it that the 
product obtained wuuld be imperceptibics even after the lapse of 
a considerable time. This metbod is consequentljr limited to 
compound batteries, and even when applied to them, it is attended 
with this inconvenience^-^ that all eiperiments conducted on this 
principle require a longer time than the other methods do^ to 
furnish us with results that can be compared. Again, in propor- 
tion to the inconstancy of the electric current is the uncertainty 
and irrefjiilarity in the results obtained ; and it is notorious that 
the stream of electricity is very variable in all the old oue-fluid 
batteries. 

There remain only the mt^fmtk effect$ to be estimated, and in 
them we shall find all the requisites combined which we can de* 
sire in an exact measure of the force of the current. 'Hie devia- 
tion of the magnetic needle^ mentioned above at § 512. as the 

fundamei\tal effect, serves as a gaifjz:e by which to measure the 
most powerful and the feeblest strea ns, by allowing the former 
to act tliiectly on a common deflecting needle, while the latter 
act Oil the iijagnet of a multiplier. 

Magnets may serve in various ways to measure the force of 
electric currents. Either the deviation itself u observed which 
the needle makes through the influence of the current upon it; 
or the arc is measured through which a needle suspended in a 
Coulomb^s magnetic torsion balance (§ 456.) has to be turned 
back, after the operation of the current upon it in order to bring 
it to the same place ap^ain ; or, lastly, the time is sought which 
the same needle requires when subjected to tiie action of a cur- 
rent tu perform some definite number of oscillations. 

There are various ways of estimating the force of a current 
from the angle of declination^ according as the electricity passes 
in a line or in a plane above or below the needle* If, as in 
Jacobi's Galvanometer-compass (Jig, 188.), it is conveyed along 
a wire just under the needle, ami in the direction of the magnetic 
meridian, Kiimtz has determined that, ilie force of the current acU 
ing on the needle is proportionnJ to the product of tim sine itUo t/te 
tangent of the angle of declination . 

Let c and C be the currents of two hvdro-electric bat- 
teries, and a and a' the angles of declination they cause 
respectively in a galvanometer •compass, then 

c : Ce»8in. a tan. o : sin. of tan. o'. 

To save the necessity of actual calculation, Pohl haf; con- 
structed a table, which will be found below, for every angle 
from 1^ to 9(fif from which the proportional force of any 
current may be ascertained for any declinatioB given in 
de{grec8i 
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TABLE XLV. 



For determining the InUnsity of Hydro-Ehctnc Cmrenis, from the 
Angle of Dejleinon made by a Galvanometer- Compass. ( Ka9imer*9 
Arehivfur die gteammte NaturL IIL S.ll.wm FM) y 



Denexion 

of 
Needle. 


Intensity 

of the 
Cursent. 


iJenexion 

of 
Needle. 


intensujr 

of the 
Current. 


UcneAion 

of 
Needle. 


inirnsiiy 

of the 
Cu|Tent. 




1° 


0-0001 


31° 


0-1016 


! 61° 


0-5179 




2 


00v'X)4 


32 


0-1087 


62 


0-5451 




3 


0-0009 


33 


0-1161 


63 


0-5740 




4 


0-0016 


34 


0-1238 


64 


0-604 9 




5 


0-0025 


35 


0 1S28 


65 


0 6380 




6 


00036 


36 


0-1402 


66 


0 6735 




7 


0*0049 


87 


0*1489 


67 


0*7119 
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0O064 


38 


01579 


68 


0'7533 
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0*0081 


39 


0-1673 


69 


0-7983 




10 


0-0 1 00 


40 


0*1770 


70 


0-8475 




11 


0-0122 


41 


0-1872 


71 


0-9014 




12 


00145 


42 


0-1 978 


70 

i * 


0-9608 




13 


0-0170 


43 


0-2088 


73 


1 -0268 
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00198 


44 


0-2202 


74 


1-1004 




15 


00228 


45 


0-2321 


75 


11833 
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0*0259 


46 


0-2445 


76 


1*2775 




17 


0*0293 


47 


0*2574 


77 


1*3854 
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0*0330 


48 


0*2709 


78 


1*5106 
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0-0368 
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0-2850 


79 


1-6577 
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00109 
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0-2997 


80 


1-8334 1 
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0-04 5-2 


51 


0-3150 


81 


2-0471 
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0-0497 


52 


0-3313 


82 


2-3130 




23 


0-0544 


53 


0-3479 


83 


2-6536 




24 


0-0594 


54 


0-.i655 


84 


31061 




25 


0*0647 


55 


0*3840 


85 


3*7378 




26 


0*0702 


56 


0*4035 


86 


4*6830 




27 


0*0759 


57 


0*4239 


87 


6-2551 
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0-0819 


58 


0-4455 


88 


9-6133 
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0-4683 


89 


1 R-8034 
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0'0a48 


60 


0-4924 1 
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If, jn«^tcad of conducting the current along a wire, it be con- 
Yeyed under the needle by a strip of metal whose width is at 
least four times the length of the needle, the electricity flowing 
along this metal plate will act equally upon the needle in every 
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position, for it must travel equally along the entire width of the 
conductor. In this case, the force of t/te current is proportional to 
Me tangthi of the angle of tkt nudteU dtdiniaium. Instruments 
constructed on this principle ere called TunptiU Cofl^tset» and 
their application depends on Weber's law, which we have just 
briefly enunciated. 

The force of tho5?e currents which deflect the necdlo only by 
means of some contrivance for multiplying tlieir effects cannot be 
estimated by either of tl»e laws given above, because, however 
carefully the instruments may be constructed, it would be very 
difficult to measure accurately the different distances of the 
needle from the respective turns of the multiplier, and the cal- 
culations involved in its use would be very complicated. 

An estremely simple contrivance for measuring the intensity 
of a current by means of the angle of deflexion, consists in making 
the galvanometer itself to revolve in the plnne of the h.)r!7oa 
about the centre of the needle. When the needle lias been de- 
flected, turn the multiplier until, with regard to the needle, it 
has regained its original position, and the intensity of the current 
acting at right angles on the needle is equal to the horisontal 
force of terrestrial magnetism (§ 447.), which last force Is 
measured by the sine of the angle through which the needle has 
been deflected from the magnetic meridian. But this angle is 
that through which the coils of the multiplier have been turned 
from their original position, and may l>e read off on a graduated 
scale made for this purpose. Pouillet's 6t«e Compass acts on this 
principle, that the intensity of the current varica as t/ic sine of the 
angle of torsion } this instrument, when 6tted up witti a nonius, 
may be made to measure the angle of declination accurately to 
two minutes. 

. It is worthy of remark that, in all measurements ftomjthe 
angle of a needle's deflexion, if this does not exceed 20^, we 
may a!»sume the iaiamtiu of the cwrrente to be nearfy as the an- 

gnhr magnitudes squared. 

The method of measurement adopted by Ohm may also be 
used, the multiplier beinj; used as a torsion balance and having 
its needle suspended by a fine wire, which is connected with the 
index of the torsion balance. When used, this index must be 
placed at zero, the needle too must be set at 0^ in Its scale ; when 
the current acts on the needle it will deflect it a certain angle, 
and in so doing will impart a corresponding torsion to the wire. 
Now, instead of measuring the declination itself, you are to turn 
back the torsion index till tlie needle is restored to its original 
position. The number of degrees which the index is moved back, is 
proportioned to the tntensttg of the current. 

Lastly, the mode employed principally by Fechner in his 
admeasurements of observing the osciUatimis is equally appU- 



Digitized by Google 



144 Fk,CiiN£R's METHOD. 

cable to the single galvanotneter, and to such as are fitted up 
with a multiplier. Place the needle so that it shall stand in the 
direction of the earth*8 magnetio infiuenee, and also in the direc- 
tion in which the force is emitted from the electric conductor, so 
that in fact these two directions may coincide. To effect this, 
the sinfjle conducting' wire of the compass, or the coil of wire of 
the multiplier, must intersect the magnetic meridian at right 
anf^les, i.e. it must he ])laced in such a position that the needle 
suil'ers no perceptible deflexion whilst acted on by ttie current 
(comp. §512.). Now make the needle to oscillate^ and by 
§ 456., ffte vUtmMUka of th^ eMrmUi an imoentfy a$ the j^aares ^ 
fAe HtNct of lAe vUtnOhiu, or the nwmber ef umtB iff time wkkh are 
required ia complete the tame number of vibratunu. This method 
possesses the substantial advantage that it is applicable to both 
powerful nnd feebk- current*!, that it gives very certain and much 
more accurate measurements than can be obtained from tlie _i^enc- 
rality of instruments by reading off* tbe anjjle of declination, and 
that the magnetic intensity of the current may at the same time 
be compared with the force of the earth's magnetism, by obserring 
in like manner the time of the needle's oscillation when sub- 
jected only to the action of terrestrial magnetism; on the other- 
hand, this mode of measurement renders it indispensable that the 
observer should have an accurate seconds* watch or pendultun, 
with which to compare the oscillations of the neoflle. 

Suppose now that the needle when acted on by the cur- 
rent c perforiDs a certain number of vibratiotis in ten 
seconds^ but that wiien subjected to the iniiueace of another 
current C, it performs the same number in five seconds ; 
then the intendties of these two currents will be 

c: C = -L: L 
10- 5« 

_ 1 1 
100 *• 25 

25 : 100 
tm 1:4 

and further, if the same needle had required 20 «;Gconds to 
make the same number of oscillations when acte d on only 
by terrestrial magnetism M, then the forces would be to each 
other in the following proportion : 

M t c 4 C ^ — : JL • l_ 
20« 10* 5« 

» 25 : 100 : 400 

Or, as 1 ; 4 : 16 
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I. e.y if the force of the earth's magnetism is estimated as 
unity, that of the current e would be 4 times aud that of C 
16 times as great. 

Magnetic measurements are also well suited to show with 
accuracy the influence which the magnitude of their exciLed 
mirisces exerts on the efficieney of hydro-electnc batteries. 

Fechner, who bis performed a irast number of experiments 
to ascertain this point, has determined the foUowinj^ yiz, that 
the intensity of the current increases when the area of the 
excited surface is increased, but in a less ratio than it. The 
increase in the action of a battery is nearly prci]iortir>nal to 
the increase in the excitini: surface, when theHuid employed 
is one that has but a low coiitiucting power, such as water ; 
whereas, when the fluids employed are good conductors, the 
inereased effidency of the battery is proportionally less. The 
increased force of the current* attained by increasing the 
exdted surfaces, reaches a limits which is arrived at the 
sooner the less the resistance to conduction offered by the 
fluid, as compared with the resistance ofiered by the solid 
conductor (r. e. by the connecting wire). 

Pohl, whose attention has been carefully directed to these 
investigations, lays down the following law, that the inten- 
sities of the currents of single hydro-electric batteries, in which 
6oC& dtUrcmaton pruenU eqwU mrfaeeg to Ike txeUing fluids 
arty eeUris parUnui, a$ the btquadmU roott of fAe anat of the 
surfacee in action. 

Suppose the metal surface in one single battery to be a, 
that of another wa, let c be the intensity of the lesser cur- 
rent ; then that of the greater will be 

C = c 

Hence it appears, that if a battery be given with a certain 
current, considered as unity, and we desire to construct 
another, the intensity of whose current shall be double that of 
the former; the batteries being similar, the exinting sorfiwe of 
the latter must he 2^ s= ] 6 times greater than that of the Ibr* 
mer — I practically verified this law by comparing some 
Darnell's b Jtteries, and found that to double the intensity of 
the current it was necessary to increase the copper surface six- 
tecnfold. I used in each case the same wire to conduct the 
electricity, and I measured the intensities by the angles a gal- 
' vanometer compass was defleelsd« I compared in like manner 
. the intensities of a ainc and copper and of a sine and plati- 
num battery, the surfaces of the two metals being equal, and 
^und that the current generated by the platinum battery 
was equal to what would have been produced by a copper 
you ifh I* 
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one 16 timet its size : this pretty nearly coincides with the 

results obtained by Jiicuhi, and s-ivon in § 505 of this work. • 
For the zinc battery 1 used sulphuric acid diluted with 9 
parts of water ; for tiie copper, a coiu entratetl solution of 
sulphate of copper ; and for the platuium, nitric acid of 1 '3 
spec, grav., as the exciting fluids respectively. The inten- 
sitiea found thus were m 1 : S, for the angles of the needle's 
deflexion were 34^ and 46^> the corresponding Intensities 
for which in Pohl's tahle are 0*1 338 and M445 ; thc\r ratio 
is therefore as 1 : 1*94. — On comparing one of Hare's spiral 
batteries with one of Grove'*?, with respect to the eflfect of 
their current, the following result was obtained. The spiral 
battery had 372 square inches of effective copper surface ; 
Faraday's fluid was used, and the needle of the galvanometer 
was deflected 36^, which, according to Pobl's table, corre- 
sponds with an intensity of 0*I40S2. A zinc and platinum 
hattery, in which there were 100 square inches of ihe latter 
metal eBicient, deflected the needle 46^, and consequently 
had an intensity of 0*2445. The same wire was used in each 
case to complete the circuit. According to the law given 
above, a platinum battery whose current slioiild have the 
same, intensity as that of the spiral battery would require a 
/1402\* 

surfiweiAs (9445) "^^'1^ times greater than it; I.e. 

100 X 0*108 = 10j square inches. Now when only 10| square 
inches of the sine and platinum battery were set in action, 
the compass gave a declination of preeisdiy 36^> consequently 
these ICf inches of platinum generated a current whose in- 
tensity was exactly equal to that produced by 372 inches of 
copper in Hare's spiral battery. To give to both batteries 
an eqii^l intensity of current, the copper surface of the latter 
would require to be 372 : 10*8 = 344 times greater than the 
platmum sui'&ce of Grove's battery. 



At the conclusion of this important branch of the science of 
ekctricity, it is necessary that the reader should be made ae» 
quaintcd with the opinions of natural philosophers with regard 
to the ]»riiiiiuve causes which generate galvanic or voltaic elec- 
tricity, it iii remarkable that tiie views of scientific men on this 
subject do not accord, notwithstanding the zealous investigations 
which have been made so latdy into the sources of ele^ieity, 
investigations too which have brought to light so much that is 
both new and important The migority of the scientific world 
are the adherents of one or other of two theories ; the (^der of 
which, known as the theory of contocl, is based on the prin- 
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ciple laid down by Volta ; the other, first propounded by Wol* 
laston, is called the chemical theory. 

The contact theory, which is lu'ld by most of the Gorman phi- 
losophers, especially by Ohm, Fechner, Pfatt', Henrici, Poggen- 
dort, BeradittR, Jacobi, and Marteni^ a«ume« that when two 
dissimikr bodies are brought into actual or proximate eontaet an 
energy is developed to which has been given the name of eUttro- 
meiiiMtfor€9t but whose nature is still unknown. This electronxv 
tive force effects the decomposition of the neutral electricities of 
the two touching bodies, so that a definite portion of the + elec- 
tricity accumulates in one of them, and a corresponding;; portion 
of — electricity in the other; but it instantly opposes the reunion 
of these db electricities, and thus occasions the constant difference 
of tension between bodies in contact. To account for the influence 
of the chemical process on voltaic phenomena, Fechner assumes 
that, between the atoms of two bodies which combine chemically 
with each other, a process obtains similar to that which arises 
when two heteroj^enooiis substances are in contact. The ntoms 
charged with antagoiHst electricitios nrr held together by their 
mutual attraction; and this constitutes what is generally known 
as chemical aj^nity o8). 

According to the chemical theorff which has recently been 
greatly extended, especially by Faraday, De la Riv«, Becquerel 
and Schon1»^, galvanic electricity is attnbuted to a chemical 
action, and its most sealous advocate De la Rive speaks 
in the following terms : so soon as a body comes into a 
gaseous or fluid medlnm and a tendency arises between the two 
bodies to c(i;nlMiie chciiiicaily, i di^^turhance ensues in the elec- 
trical equilibrium, and on this condition of chemical action being 
fulhilcd, the eiemeuts uf lite solid combine with the oppositely 
electrified elements of the fluid. As • general rule, the body, 
ex. gr, the metal, which is dissolved in the process of combining, 
is positively electrified, and tbe'fluid which performs the part of 
the agent is negatively electrified : but, as in such processes a 
separation of the atoms take*; place, that liberates the electricity 
which was before held in a latent state, and which is always op- 
posite to that which disposes tiio atones to form a new combination, 
the result of both processes is tiej)enderit t»n the difference of the 
two influences. The intensity of the electric action thus set at 
work is regulated by the difference just mentioned and also by 
the hindrances which oppose themselves to the re-union of the 
electricities that are set free If two heterogeneous metals are 
brought into contact in a medium that acts with unequal energy 
upon them, it will render them both electrical, that for which it 
bi^ the stronger afhnity being positive, and tlie other negative. 
Join several such pairs so as to form a compound hydro-electric 
battery, and all the r^t will perform the functions oi a conductor 

L 2 
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of the free electricity to each pair; the ± electricities thus meet- 
ing together in the metal, neutralize each <>ther with respect to 
their quantities, the + electricity will therelore accumulate ou 
one side and the — electricity on the other. 

The advocates of each theory have been and are still employed 
in bringing forward prooib to establish the correctneKs of the 
▼ieirs they have respeetively taken, without either party being 
at present able to claim an undisputed victory. To these JabourSy 
however, we are in a great measure indebted for the advances that 
have in modern times been made in this department of science. 
Tlie thorough-going supporters of tlie chemical theory positively 
deny that electricity is ever excited by contact alone, and they 
eveii go so far as to say hypothetically, that the pure metals are 
susceptible of oxidation. Fechuer has, however, compelled them 
to admit that Volta's fundamental experiments are a fact too 
well established for us to doubt any longer whether electricity 
can be generated by contact only, and there are even cases of 
hydro electric combinations in which electrical action obtains, 
agreeably tf> the assumptions of the contact theory, without 
anv chemical action whatever of the fluids on ' the electro- 
motors (I): nay, frequently the contact of tlie metals is the 
cause that this action, originally a purely chemical one, is sus- 
pended and an opposite one commences (2). Many partisans of 
Volta's theory are decidedly of opinion, that chemical action i» 
never the primitive cause of electrical excitement, although they 
do not call in question the possibility of chemical influences being 
frequently the immediate, but not the original, cause by which 
electricity is generated (3 ) ; some who hold this theory even 
concede that chemical action may increase the intensity of the 
electrical process when its excitation coitu-idos with that of 
contact. After all, the main Jifliculty wiii be to determine what 
share chemical influence really has in exciting eleetricfl] action, 
because without contact scarcely any chemical change can 
tran^ire, and also because the effect produced must depend on 
so many secondary circumstances, such as the degree of concen- 
tration of the solutions, the temperature of the 6uid, &c. 

1.) Pfaff adduces the following experimentum crucis to 
show, that withntit any chemical action whatever by the fltiids 
on the electromotors immersed in them, a powerful electrical 
excitement is generated solely by the contact of the latter. 

Fint ExpL Take a sine and platinum battery, and 
use a neutral solution of sulphate of sine as the fluid which 
is to act on the zinc, and for the platinum, as itsual, nitric 
acid; then neither of these fluids will exert any chemical in> 
fluence on the metals immersed in them, according to the 
laws of chemical aftinltv, ai d yet a current of electricity 
will be generated as powerful or nearly as powerful on con- 
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necting the wires as if sulphuric acid had been used witli the 
sinew 

2. ) Beneltus gives the following as a strong proof that the 
excitation of electricity by the contact of heterogeneous bodies 
is altogether independent of the chemical influences acting on 
them, and that the excitation of electricity regulates the 

cheinicil action, nay, even reverses it sometimes. 

Second Expt. Fig. 196. represents a simple battery 

of two metals and two liquids ; Z is an 
amalgamated zinc plate near the bottom 
of the cylindrical glass Tcssel, and C is a 
oopper-plate of equal riie» fiaralldl to it. 
A bent strip of metal goes from both and 
being bent over the rim of the glass sup> 
ports the two plates and performs the of- 
fice of a conductor to them ; its eiuls n 
and p are provided with bindlnj; screws, 
and the whole of the strip is coated with a varnish by which 
it is protected against any chemical action. A perfectly 
saturated solution of sulph^e of zinc is poured on the bottom 
of the glass till it reaches half way between the plates of 
tine and copper ; on the top of this pour some common ni- 
tric acid through a fine glass funnel whose tube is slightly 
curved at the end, so that the acid may lie on the much 
heavier solution of zinc without forming a mixture with it ; 
continue to add acid till it stands about half an inch above 
the copper-plate. 

Un^ the circuit is completed by connecting the wires, the 
chemical forces alone are in operation, and in accordance 
with the laws of affinity, the copper is rapidly dissolved by 
the acid, whereas on the zinc no action takes place or can 
take place. Now if the chemical theory were correct in as- 
suming that the oxydation of one of the metals controlle<l the 
electrical relations of the battery, then the copper, as being 
the metal which is chemically affected, must needs be posi- 
tively electrified and the zinc negatively. But on completing 
the circuit the solution of the copper ceases instantly, the 
green tint disappears gradually from the solution, and the 
reduction of the copper held in solution begins on the copper* 
plate, whilst a cloudy appearance rises about the zinc caused 
by the formation of the oxide of zinc, and a galvanometer 
compass forming a part of the electric circuit would shew 
that the current had taken the direction which accords with 
the principles of the contact theory. 

3. ) To prove the generation of electric forces by means 
of a chemical oombinatjon, Becquerel adduces the combina- 
tion of an acid with an alkali. 

L S 
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Tkird ExpL Pour a little nitric add into a platinmn 
saucer, which is connected with one wire of a galvanometer : 
connect the other wire with a piece of platinum wire whose 
free end is bent into a hook, about which twist some as- 

be-^tos or cotton, saturated with a solution of ]>otash or 
sutla. At tlie moment -svlien tliis alkali is dipped m tiie 
acid contained in tlie platinum saucer, the needle of the 
galvanometer shows the existence of a current passing firom 
the alkali to the acid. 

Explaining this on the principles of the chemical theory, 
the current is generated by the chemical action of the fluids 
one upon the other; by the contact theory it would be 
attributed to the electromotive action of the different fluids 
on the platinum, or the whole combination would be repirded 
as a battery of one homogeneous metal in two heteroge- 
neous fluids. (§ 50.5.) 
it is by no means improbable tliat neither of the theories* 
pushed to an extreme, fully coin^des with the truth ; and some 
philosophers, amongst whom are to be reckoned Jacobi, Buff» 
Baumgartner, Von Ettinghausen, and Fohl have constructed a 
theory which holds a middle course between the two we have 
already explained. These views merit a place in this part of our 
work, as in them what is favourable to each of the other hypothe' 
ses is fused togetlier in such sort that the various phenomena 
are more satis&ctorily accounted for than by either of the original 
tiieuries. 

It has long been held that those forces which lie at the basis 
of adhesbn, and those which cause chemical affinity, are not 
essentially different : some philosophers have even attempted to 
estimate the degrees of affinity by the amount of adhesion. It is 
therefore by no means unscientific to regard chemical attraction 
as merely a more powerful adhesive force. Prechtl has indeed 
tried to prove the connexion between the adhesion of metals and 
their electrical difl'erence, i. e. their relative position with respect 
to tension (§ 502.); Bccquerel has siiown that electricity is 
generated by capillary attraction, which » known to depend on 
adhesion and cohenon. Again, we know from Girard*s experi* 
roents, as well as from the theory of capillary tubes, that adhesion 
causes a variation in the density of fluids where they are bounded 
by solids. Resting, then, on these facts, we believe that, when 
electricity is generated in any voffair arrancfnuenty it results from a 
molecular rhanne hrovpht about in the touching bodies by the adhe- 
sive force wJiirh .'^uhsists between them. Tliis change is sometimes 
merely in the density ut tile touching bodies, it is often confined to 
the strata contiguous to their points of contact, but with a force 
of considerable intensity, and under fovourabte circumstances, it 
extends to the chemical nature of the bodies. This theory pos* 
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sesses tbe advantage that no new power need be aitumed to exist 
{whereas the contact theory requires us to allow the existence of 
the electromotiTe force); and it also accounts for the production 

electricity apart from any chemical action. It has this in com^ 
TOon with the chemical hypothesis ; that It deduces the phenomena 
of the siniric battery from the molecular forces ; that it considers 
the tiuid not merely as a conductor of tht e lectricity, but as 
engaged in its production, and that the elements of the battery, 
by the physical changes they undergo, are the actual sources of 
the electricity ; that their contact renders this change possible; 
that it therefore is the occasiony and not the generating cause by 
which the electricity is produced. In tliese points it approxi- 
mates more nearly to the cheoiical than to the contact theory, 
w!iic)i snppo<;es that electricity may be developed without any 
furtfiii chancre in the bodies: indeed the chemical hypothesis is 
merely a special case of the molecular. The simultaneous com- 
mencement of chemical action with the development of electricity, 
and the circumstance that the chemical intensity of a simple tol* 
taic arrangement increases and decreases as the chemical action 
on the fluid conductor and on the elements of the battery is 
greater or less, fully accords with the statements of this theory. 
It follows, hence, that the electrical and molecular force are one 
nnd the same, and that the Intter appears as electricity whenever 
it passes from one mode of operation into the other, as, ex. gr., 
when it ceases to hold together the elements of the vv'ater, and so 
oxydizes the zinc. Schiinbein's most recent iiyputliesis of cherai- 
oal tendencies does not diflbr essentially fifom the views just 
ezpUdned. 



IT. sLxcraicAL raxMOMswA aasoutwa ntoM tbm chimical 

ACTION THAT ATTENDS THK CHANOX IN TttX AQOaXOATX VOKV 
J OF BOniXS; TBOSB which KBSULT FEOM THXla SSPAaATlON BT 
KKCHAKICAXi MXANS; ANO THOSE WHICH ARE CAUSED BT THE 
OOXPEESSION or BODIES. 

{524. 

Next in order to those electrical phenomena which are pro- 
duced by friction, and those which aie generated by contact, we 
must place such as attend the chemical action of bodies one on 
another, the change in their aggregate forms, the destruction of 
their cohesion by mechanically separating their particles, and by 
pressure* In all tlie instances just specified, a change takes place 
in the molecular condition of the bodies^ partly in the interior of 
their masses, partly ai Iheir touching surihces» and according to 

X. 4 
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tbe opinions of some pbilosophers (see § 500. and 528. )> this 
cbsoge may in these instances also t>e regarded as tbe universal 
cause by which electrical equilibrium is disturbed. 

The condition of electrical neutrality is upset in chemical com- 
binations and decmii[H>sitions of many bodies, as may be ])r{)ved 
indisputably bv connecting the bodies, thus toinlunino- of ili c uiii- 
pobing, witii tiie wires of a gaivaiiuiiieter, or with the coiidactor 

of a sensitive deetrometer, Nov whetiier the cunrent indicated 
by the galvanometer, or the electrical tensioD marked by the 
electrometery be owing, according to the contact theory, to the 
bodies touching each other, or, according to the chemical theory, 
to the chemical action of the substances on each other, the ad- 
herents of both theories will allow that a disturbance of the 
electrical equilibrium, as shown by the galvanometer or electro- 
meter, actually exists; now, as by the electro-chemical system 
(§ 516.), every cheuiical combination depends on the union of 
ekctrieid opposites, Ae state of deetrieal equilibrium will neces- 
sarily be destroyed both in chemical oombinatioos and decompo- 
sitions. The Mowing experiments are given as illustrations of 
the excitement of electricity attending both these kinds of chemi- 
cal operations : — 

First Expt. Electrical excitement with chemical combina- 
tims. — Nobili gives the following experiment to prove that 
electrical excitement is the result of chemical combination; 
Fechner repeated the experiment with some variation ; — 

Fill two small glasses, A and with a solution of nitrate 
of potassium into which conduct the wires of a gslvanome*- 
ter whose ends are armed with plates of platinum. A third 
glass, C, containing dilute nitric acid, is then placed near the 
other two, with which it is connected by means of two 
threads of asbestos or cotton, dipped in the diUitc nitric .icid. 
Now twist one of these conductors about a small piece of 
caustic potash before using it to establish the connection oli 
the battery, and a chemical action will immediately com- 
mence of these two substances, and at the same time a de- 
flexion of the galvanometer needle, which shows that Che 
current passes from the potash to the nitric acid. Similar 
deflexions ensue with other chemical combinations of the 
same kind, as well as with those in which the substances 
that hfive an affinity for each other do not acquire a con- 
ducting power until they have been fused or melted. 

In the arrangement just described, it is to be noticed that 
the platinum plates connected with the galvanometer are 
immersed in the same fluid which is contained in the glasses 
A and and that consequently the electric current is not 
generated by the contact of the metal with heterogeneous 
fluids, but the electrical equilibrium is disturbed in the glass 
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C at the very instant when the caustic pota&h comes in con- 
tact with the nitric acid. 

A much more powerful current Is obtained by leafing out 
the middle glass pouring nitric acid into A and a sidution 
of oiustic potash into B : the homogeiieous platinum plates 
are then to be plunged in the heterogeneous fluids, and A 
and B nrc to be connected in the same wny ns before. By 
this arrangement we obtain a Bectjuerel s battery (§ 505.. 
2.) A current is generated by the contact of the platinum 
with these two dissimilar fluids, sitmiar to that which 
was produced by the chemical action of the caustic potash 
with the nitric acid. From the (Ufierence between the in* 
tensities of the eunrents* we see at once what share is to 'be 
attributed to each of the exciting causes in the case where 
their operations are combined. 

Second Expt. Iminerse simultaneously two homogeneous 
strips of platinum, connected with the wires of a galva- 
nometer, in a glass containing nitric acid. The platinum 
plates are tlien in contact witii Liie same fluid, and that one 
which eieits no diemical influence on tiiem ; the needle of 
the galvanometer will therefore be at rest -Now let &U one 
drop of hydrochloric acid on one of the platinum plates, 
and instantly the needle will be deflected, showing the pas- 
sage of an electric current from one plate to the other. The 
nitro-muriatic acid formed by the drop of muriatic acid 
acts chemically on the platinum in contact with it. This 
instance is, however, one of those in w hich it is difficult to 
determine what share chemical action really has in eliciting 
the electric current. The adherents of the chemicsl theory 
coiinder the chemical action ; while the partisans of the other 
hypothesis r^ard the contact of the homogeneous metal 
with the heterogeneous fluids as the sole cause by which the 
current is excited. Probably the^Mt is, that it is owing to 
the two arrencies combined. 

Third Expt, Electricity produced by Combustion. — Ac- 
cording to Pouillet's experiments, when charcoal is burned 
it is rendered negative, and the carbonic acid which is formed 
is positive. He placed a small cylindrical piece of good con- 
ducting charcoal, having a very smooth bottom, on a plate 
of brass, which was connected with the condenser of an elec- 
trometer, and then ignited its upper end. The combustion 
was supported and accelerated by blasts of common air, or, 
still better, by a supply of oxygen. When the lower plate 
of the condenser was connected with tin- ground, the instru- 
ment appeared in a few seconds to becouie charged with — 
electricity. When tlie chanxml was set on a metal plate 
connected with the gtound, and, during the process of com* 
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bustion, held so beneath the brass plate uf the condenser that 
die earbooie atnd which was generated was accumulated on 
it, the condenser was charged with positive electricity. 
. Dellmann also noticed the liberation of ~> electricity attend- 
ing the combustion of charcoal, and Pfaff confirms it, but 
denies that the least trace of + electricity is to be found in 
the carbonic acid which U s-iven off. Several philosophers 
have asserted that aii iloL'ous traces of the liberation of elec- 
tricity attend the combustion of some, but not of all^ com- 
bu!>tible bodies. 

Fourth Expt, EUetricity prodMead by Chmkal JhempO" 
iUUm, ^ The experiments of Dr. Bottger may be adduced 
as examples Connect a platinum cup with the con> 
denser or with the conductor of a delicate electrometer by 
means of a wire terminating in a ring. On this ring lay the 
cup, put in it a few grains of citrate or oxalate of silver, 
and apply the lieat of a spirit-lamp until the salt is dissolved. 
Reiiiovr tliL \iiwp, and the electrometer sho\rs — f kctricity 
to iiave been liberated; and in the piuLinuui cup some 
▼ery fine and minute particles of metallic silver will be 
found. 

Fifth Bxft Lay a piece of blotting paper mmstened with 
water on a metal plate connected with the condenser, and on 

it place a few crystals of nitrate of copper wrapped up in 
tinfoil. Pierce a few holes in the tinfoil with a pin. Moisten 
the whole with a little weak spirits of wine, and the salt will 
soon begin to decomposL' ; and at the moment when sparks 
become visiblet and nitrous vapour rises, the condenser is 
charged with — electricity. 

SixA ExpL On the conducting plate of any sensitive 
electroscope («r. ^r., either a Be^uerers* 157., or an 
OersCed*s» fig* 156. ), lay a zinc cup, and pour into it di« 
lute muriatic or sulphuric acid, and the electroscope will 
show, after the hydrogen has been jriven off and a chemical 
solution of the metal has been forniLd, tlmt — electricity has 
been liberated. A similar i)heiioinenon is observable if, as 
in the fourth experiment, clean iron filings are placed in the 
platinum cup, and either muriatic or sulphuric acid poured 
on them. 



§525. 

Electrical phenomena have been seen to attend a change in the 
aggregate form of many bodies, especially in the solidification of 
such as are in a state of fusiai>» and in the freesing of water. 
The sparks that become mble during the oryatalliiation of oer* 
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tain salts, and the attendant electroscopic effects, seem ratlier to 
result from a separation taking place among the crystals after 
their Ibnnation, than to be a eonseqaenee of crystanimtlon itself, 
FM Bxpi, Melt some sulphur in a gUuB, and cod it on 
anj good conductor ; on taking it out of the glan it will be 
negatively eleetrieal, and the glass will be positive. Per- 
form the same experiment in a metal cup : the latter will be 
negatively electrified, and the sulphur positively. Similar 
phenomena may.be observed in the solidifying of chocolate. 

It cannot be positlvt ly assurteii that the electrical phe^ 
nomena just noticed aic absolutely consequeuces of the 
change of aggregation in the mass of the body. Some phi- 
losophers are of opinion that they are properly owing to the 
friction which is generated when the solid bodies are sepa^ 
rated from the vessels containing them. If this supposition 
is correct, the^e phenomena come rather in that catq^ory of 
which wc shall have to speak in the next section. 

Sccfmd Expt. Water frozen quickly at a very low tem- 
perature (22*^ below zero, Fahr. ) in a gia.ss coated ontside 
like a Leyden jar, according to Grottbuss, is positively elec- 
trical; if melted rapidly at a high temperature it shows 
« electriidty* 

Undoubted proofr are still wanting to show whether electricity 
is liberated by the change of liquids into steam or by the con«> 

densation of the latter. Pouillet is persuaded that from numerous 
experiments, he has found the escape of steam from alkaline 
water accompanied with positive, and tliat from acidulated water 
with negative, electricity ; Pfaff, who repeated the experiiaents, 
doubts the fact. As the results, as well as those which attend 

the conibnstion of bodies, are of oonsiderable importance on 
account of the oonclosions that haye been drawn from them 
respecting the electrical phenomena that arise in the atmosphere* 
and especially since some doubt is feH as to their correct ness» it 

is much to be wished that the same experiments should he 
repeated, and careful reference be made to all circumstances 
affecting the rcsiilts. 

That a considerable quantity of electricity is liberated when 
high-pressure steam escapes into the atmosphere was discovered 
accidentally in 184X, when it was first noticed in the boiler of a 
locomotive engine. Armstrong, Wbo rigorously investigated the 
phenomenon, found no trace of sensible electricity in the steam 
contained in the boiler ; and that none was developed till the 
steam reached the open air, when it was invariably positive ; that 
the production of electricity was proportional to the amount of 
steam generated, and that its intensity increased with the tension 
of the steam ; lastly, that not only were sparks einitted by it, 
but it gave shocks like those obtained from a Leyden jar. PfkflT 
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Armstrong's machine. 



performed the same experiments with a Papin's digester, and 

confirmed in general the correctness of Armstrong's inferences ; 
he obtained precisely similar results when be used distilled, alka- 
line, and acidulated water. His opinion is that the electricity 
is generated by the pressure of the steam on the water; he there- 
fore considirs that these phenonKna may properly be ranged 
under liie head of electrical pheiioinena produced by pressure ; 
Armstrong, on the contrary, thought at first that this electricity 
arose from the condensation of the steam, but he has since given 
it as his opinion that the electricity is generated when the steam 
is exposed to friction : he does not, however, believe that this 
friction is the exclusive cause of its production. His investiga- 
tions may involve important consequences which have not yet 
been perceived, for in high-pressure steam we have so remarkably 
fertile a source of electricity, as greatly exceeds the best elec- 
trical niacin nes. 

A short description of Armstrong's Hydro- Electric Machine 
may not be out of place here. It consists d a boiler of 
wrought iron of cylindrical form S)ft. long and IJft. in 
diameter ; its ends are rounded off into hemispheres, and 
with its frame and grate for the firing, it U insulated by 
means of glass legs. When the steam is allowed to escape 
through certain cocks constructed for that purpose, the 
pressure being 70 lb. to the s<pi;»re inch, an effect is obtained 
7 times greater than from a good electrical machine with a 
plate 3 ft. in diameter ; the comparison was made in the 
following manner. A tiane*8 jar (§ 487. Jig, 162.) with 
198 sq. in. of coated sur&ce, was used to measure the 
electricity generated by lx>th the machines. When the 
balls were held ^ an inch apart, and the plate was turned 
round 70 times m a minute, 29 discharges were obtained 
from this electrometer ; on connecting it with the insulated 
boiler 220 discharges were obtained in the miimte. Arm- 
strong considered that each single ray of steam as it issued 
from the cock into the air, gave out as much electricity as 
a good electrical machine of ordinary sise i and as a boiler 
capable of generating steam equal to that of a locomotive 
engine could discharge 100 such rays, we may form some . 
idea of the prodigious development of electricity that may 
be eliected by means of Steam. 

* Note. — The suliject ha> been invi'stigatPtT by Faraday, who thus ex- 
presses the conclusion at which he arrived; — The cause of the evolution of 
electricity by the Uberation of ooaflned stram it luA evxporatlon ; and furthet, 
being, I behove, friction, it has no eff rt in producing, and is not connected 
with the general electricity of the atmospiiere: also, that h& far as I have been 
able to proceed, pure gases, r'. e. ^ases not mingled with solid or liquid par- 
tides, do not excite electricity by frictioii against solid or liquid rabstancea.** 
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§526. 

Eleetrieal phenomena-have been noticed in many bodies, espe- 
cially in those of crystalline form, when a sudden disruption of 
their internal structure takes place. When by mechanical or 
other means their cohesion is overcome, sparks are seen, and the 
divided portions are in a state of opposite electrical tension. 

The following experiments may 5cr\'e as illustrntions : 
First Kxj)t. Becquerel observed tliat when a small cleft 
was made in a lamina of mica, and a stick of seaiinjj-wax 
was fiistened to the portions of the crystal thus prepared tor 
splitting, on tearing them asunder a luminous appearance 
was visible in the dark, and each of the fragments after rup- 
ture was oppositely electrified. The like obtains with other 
crystallised minerals if treated in the same manner. We may 
mention g^ypsiim, calcareous spar, &c.; the same phenomenon 
may be noticed in tearing a common playing-card. 

Second Expt. Dr. R. Bottger mentions the following; 
electrical plienomcna as observed by him in a salt erystai- 
lized by fusion. Connect a platinum dish or a small cru- 
cible by means of a bent wire, with the conductor of a 
sensitive electroscope. In this metal vessel place some 
crystals of sulphate of copper and potasb, which are to be 
heated by applying a spirit lamp under the dish until the 
cn'stals have parted with their water of crystallization, and 
are reduced to a perfectly liquid state. When the whole is 
in this state of fusion remove the lamp, and within a tiew 
secoiids the entire mass will crystallize, but without any 
trace of free electricity ; so soon, however, as the mass has 
acquired a solid crystalline structure* it be^ns to contract 
and gradually to rend asunder, this process being attended 
by an audible crackling noise ; die electroscope distinctly 
shows ^ electricity to be liberated every time that the con- 
traction of the mass produces a rupture in the individual 
pt^rticlcs. In proportion as the mass becomes f^^rnHnallv 
reduced to a pulverized condition, the electrical pliefiomena 
disappear ; the experiment may however be repeated at 
, pleasure by fusing the salt in the manner described already. 
Or. Bottger consiiders this as a convincing proof that elec- 
tricity and light are evolved, not so much at the moment 
when the crystals are formed, but rather when a crystal 
already formed touches or destroys another ; he is also of 
opinion that the bright sparks which, according to Rose's 
observations, are to be seen in gradually cooling a solution 
of white arsenic, are derived from a like source. 
Lastly, we must reckon under the same class all those clec- 



Digitized by Google 



158 THS&MO-ELECTIUCXTT* 

trical pheuoiiicna which accompany the pressure and subsequent 
disruption of two bodies. We may conjecture that in these also 
the disruption effected by the previous pressure produces the 
same eonsequeuees as the suspension of cohesion in the preceding 

experiments ; the separated bodies invariably show themselves as 
differently electrified, this differ ence being greater the greater 

the aflhesive force wliich has been overcome. The quantity o 
electricity set free depends also on the nature of the bodies them- 
selves, on the degree of pressure to which they are subjected, on 
their conducting power, and on the temperature and structure of 
thdf suxftees. 

Becquerel has proved by a variety of experiments that 
any body whatever may be rendered electrical by pressure. 

Discs of the substances to be tested were prepared, and then 
fixed on insulating stfiftts of glass or sealing-wax. Tbese 

plates were then pressed together, and sometimes they were 
pressed aj^ainst other bodies ; alter the continuance of the 
pressure for some time they were suddenly separated. The 
electricity thus evolved may be observed on a delicate elec- 
troscope. Becquerel performed these experiments with 
cork, elder*pith, caoutchouc, orange peel, starch, Iceland 
spar, gypsum, fluor spar, with several of the metals, and 
even with condensed fluids* 



V. ELECTRICiiy OENSSAT£l> BY HEAT, UOUT, AND MAGNETISM. 

§527, 

We have already seen that conditions may frequently arise in 
which heat exerts an immediate influence on electrical action, 

and sometimes it is itself exn'ted by that force. "Heat is, how- 
ever, one of those causes which inimediatpir rlisturb in many 
bodies their condition of electrical equilibrium ; especially when 
the temperature of a part of their mass is either raised or low- 
ered* The phenomena arising from these causes are generally 
classed together as belonging to Themuhekdrkiiif. 

There are two electrical states, into other of which bodies may 
he brought by the operation of beat upon tbem ; that is to say, 
there may be excited in them either a state of electro-polar ten> 
sjon, or a current of electricity may be generntcd. Tn manyl>ad 
condiietors, and even in trnod ones if insulated, the ± electrici- 
ties elicited bv heat are held asunder in the hodies for a length of 
time ni such a manner that one part will be in a state of negative 
and the other of positive tension, very similar to electrical iaduC' 
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tioD. In good conductors, especially in the metals, thU statical 
eleetrieal condition is eoiiTerted into the dynamical, t.e« cumnts 
are generated whose directioii Tariea according to the nature 
the metal or conductor itself, and the mode in which it is com- 
bined with others : to distin^ish these from other electrical cur- 
rents they are cnllcri thermO'ehrtric. 

The first-named phenomenon }ias been long known, but it 
stood as an isolatcH fact, wiiie)j contributed but little to the ad- 
vaiiceuient ui tins braacii ul science. It was ikr utlierwise, liuw- 

eTer> with the eketto-djrnaime effSsets of heat that have been dis- 
oovered of late yeara. This inference has been drawn from them : 

that heat is a far more general cause of the disturbance of elec- 
trical equilibrium than had hitherto been imagined* They have 

indeed led tlie way to several interesting discoveries, and to 
extremely important conclusions as to heat being a principal 
agent in generating the planetary electricity of our earth. 



§ 528. 

T%emuh«httrie poUnr tetuion as displayed principally in crystal- 
lised substances, especially in such as Moag to the mineral king- 
dom; hence it has sometimes been called cryMtal dedrieUyt and 
the crystals which display this property are termed ihermO'iliectrie 

crystals : they are Tor the most part such as are not symmetrically 
formed at their opposite uiids. The greatest nunr\ber of experi- 
ments has been perform td with tourmaline, which is the first 
crystal whose thcrmo-clectncal properties were discovered. Tlie 
most Important results from these observations are the following : 

1.) At a temperature lower than 86^ tounnaline is destitute . 
of electrical propertiesi 

S.) When the temperature is raised, it becomes electrical, in 
the same proportion as its temperature is elevated ; one half of it 
being positively, and the other half negatively electrified. In 
perfectly-tbrmed crystals the pointed end with three faces is posi- 
tive, and that with six sides is negative. 

3. ) When the temperature remains stationary, the electric ten- 
sion disappears. 

4. ) When the temperature is lowered, the crystal again be- 
eomes electrical, but the end which before was pontive becomes 
negative, and vice vers&. 

A crystal of tourmaline may be electrified thus : — 
First Expt. Hold the crystal for a few minutes in boiling 
water ; grasp it in the middle with a pair of pliers, take it 
out of the water, and one of its ends will appear positively 
electiiiicd, and the other negatively, if tested a sensitive 
electrasco]pe. 



Digiii^uu by Google 



THeRMO'KLECrrAIC CURRKNTS. 



This property in tourmaliiie wm known to jEpinus ; it 
was subsequently found that it belonged to other and even 
to artificial crystals. The pbiloeophers who have done the 

most to extend this department of science are, Brewster, 
Haiiy, Erraann, Becquerel. Forbes, Hankel, P. Riess, and 
G. Rose. Tn all bodies of this class the tension is of very 
low intensity ; so that up to the present time no use has 
been made of this source of electricity. 
In good conduGton a state of tbenno-deetrieal tentton is in* 
duoed only by insulating them, and applying a strong beat to ooe 
end, which becomes positively electrified while the opposite 
extremity is negatively electrified. 

Second Expt, Connect a platinum wire with the plate of 
a condensing electroscope, and let the free end terminate in 
a helix. Now raise the spiral to a red heat, hold the stand 
of the condenser in your hand, and form a conductor of 
moistened paper to the spiral ; the latter will be charged 
with positive dectrieity, and the plate of the eondenser with 
negative. 

§ 529. 

Heat, or cool, one end of any good conductor, as a wire or 
stri]) of metal ; on hinging together its two ends, which .stand at 
unequal temperatures, a thenno- electric current will be generated. 
The same result will follow at any part of an electric eireuit 
where the mass of the bodjr is at all modified, as, for instanoe, 
where a difibrenee in the thickness or in the density of the sub> 
stance causes a variation in the temperature. In both cases an 
opportunity is offered by the local influence of the heat for the 
± electricities, which had been hold asunder to re- unite in the 
path presented to them hy the conductor. Had no such 
variation existed in the interior of the conductor, that is 
to say, had it been perfectly homogeneous throughout, as in 
a wire of exactly equal dimensions from end to end, then no 
electrie current would have been generated From this and 
similar circumstances Becquerel thinks we are warranted in 
inferring that a change in temperature is not the sole requisite 
for the production of thermo-electric currents, but that other 
cau'^cs must be in operation by which the distribution of heat is 
huidered from bein;^ uniform, so that it moves more rapidly on 
one side than on the otlu r of the hot or cold spot. 

The intensity of the current varies according to the nature of 
the conductor used ; as a general rule, it is greater the greater 
the diflfelrenoe in the temperature^ and as this diminishes again 
the intensity becomes less. 
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With regard to the degree in which the metals become electri- 
cal through inequality in their temperature, Yelin gives the iol- 
Jowing list, in which he places first that which is most powerfully 
eicited, and the last that which is least so : bismuth, antimony, 
zinc, silver, platinum, copper, brass, gold, tin, lead : £mmet| and 
Nobili have arranged the metals in two groups, according to the - 
direction the current takes ; in the one class placing those in 
which the positive current is propagated in the same direction as 
the heat, in other words, in which it goes from the hot to the 
cold pan of the metal ; in the other group those in which the 
currents of heat and positive electricity run in opposite directions. 
£mmett places platinum, gold, silver, copper, and nickel in the 
fiisl^ and tin, leaid, sine, iron, brass, arsenic, antimony, and bis- 
maik in the second. Nobili recicons bismuth, platinum, gold, 
ttlver, tin, brass, lead, and copper to belong to the first class, and 
zinc, antimony, and iron to the second. From these two lists it 
is readily seen that the negative metals which are not easily 
oxydized by heat give out 4- electricity, and the positive metals 
which soon oxydize give out — electricity. Nobili says that if 
two dry cylinders of clay be connected by means of a wire, and 
the end of one be very much heated, and then placed in contact 
with that of the other, a current of electricity will immediately 
proceed from the hot to the cold cylinder. 

To prove the production and existence of thermo-electric 
currents, it is necessary to make use of a galvanometer 
(§512.). Since, however, they possess but a small in- 
tensity, the resistance to conduction in the instrument itself 
should not be considerable. This is effected by making but 
few coils, and employing pretty stout copper wire, about 
jyth of an inch in tiiiduiess ; or Feehner recommends a strip 
of copper instead of the coils of wire* and an astatic needle 
having the fireest possible motion, such as is used in NobiU% 
galvanometer. (§ 518., Jijf. 190.) 

Fiff. 1 97. represents a strip 
Fig* 197. of copper thus substituted for 

the usual coils of wire, the 
width of the metal being equal 
to the length of the needle. 
The ends are shown in the 
diagram to taper ofl^ and are 
bent so that they can be 
brought in a horizontal posi- 
tion near to each other ; they 
are furnished with binding-screws, a and 6, to secure the 
ends of the conductor in which it is desired to generate a 
thermo-electric current. In the upper plat^ is a slit through 
whieh the lower needle, n $, suspended 1^ a thread, can be 
VM. ni« M 
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let between the two plates ; as in other galvanometers, the 
upper needle traverses above a graduated circle; in other 
fespects the use of this instrument xesembles that Of Nobili% 
double galvanomecer, of which a representation was given in 
fiff. Ida 

The generation of such currents nay be proved by the 

following experiments : — 

First Expt. Fasten two wires of the same metal with the 
binding-screws of a thernio-griivaiiometer, and heat the free 
end of one wire by means of a spirit lamp : then bring the 
cool end of the other into contact with it, and the instan- 
taneous defleiion of the needle wiU indicate the direction 
and intenatj of the current Increase the <ti0erenoe in the 
temperatures, and there will ensue a greater dcAeiion, which 
will gradually diminish as the heat becomes equalized at the * 
touchin*:* point*;. To o!>tain a powerful ctirrent, itisas well 
if the wire terminate at tiie heated end in a plate. 

Secorul Expt. Procure a piece of platinum wire, about 
^«th ot an inch in thickness, tie a knot in the middle, or twist 
the middle part into a helix, connect the end of this wire 
with the conductors of a thermo -galvanometer, heat the 
middle part of the wire by applying a spirit lamp under it ; 
the needle will soon be deflected, thus showing that an elec- 
tric current has been elicited, which runs from the heated 
part of tlio wire towards ifs extremitios. 

Third Exjtt, Tiiermo-eieetric currents may be produced 
even in such inefals as are of uuit'orm thickness throughout 
their extent, aiid which as far as concerns their chemical 
structure are perfectly homogeneous, provided that in the 
interior of their masses any molecular difierence exists^ or 
that such difierence is brought about artificially ; this fre* 
quently happens in the crystalline metals» bismuth and anti- 
mony, when they solidify unequally ; it may also be artificially 
induced in iron hy raising it to a white hcati and in steel by 
|jariially hardenin;; it. 

Make a piece of iron wire red hot at any particular spot, 
allow it to cool and again heat it near the same place, you 
vnH find it has become thermo-electrical^; this you may see 
by connecting it with a therroo-galTanometer ; this is owing 
to a change having been made in its internal structure, by 
which the uniform conduction of the calorie in both direc* 
tions has been interfered with. 

So also, if one side of a steel horse-shoe he hardened and 
the other be left soft, on applying heat to the curved part 
the inct:d will be found to be electrical. 

i-ourlU Expt. iiw theraiu-eieetric current generated in a 
iiomogeneout metal may bo detected without the aid of • 
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galvanometer, by means of a very simple apparatus invented 
by Yelin. It consists of a strip of copper bent into the form 
abed t^Jig* 198., and riveted at c. In the middle of the 

two plates is a needle of low 
^ig. i.l>8. magnetic power, balanced on 

a point. Now heat the free 

^ ^ .n' ^ * ^* flame 

^. ^^^^^^^^M^^ S) of a spirit lamp, and the con- 

Ij gBl^^fe^^^^^^gg'^ duction of the heat will take 
V place in the direction from o 

to by c, rf, and e ; and the cur- 
rent will be generated in the same direction as is indicated 
by the arrows ; the needle wiii hereby be dellected to the 
east. Wrap a roll of cotton, or a hank of thread, round the 
free end ; drqi on it a little sulphuric aether, and the cold 
produced by its evaporation will deflect the needle vest-> 
ward, proving the existence, this time, of an opposite cur* 
rent to the former. The eflTect is rendered still more power- 
ful by wrappiniT the l>anda<To a!>oiJt c, coding it as bctore, 
and, at the same time, heating the end a» 



§5sa 

Much more powerful thermo-electiic currents are produced in 
circuits composed of heterogeneous metals, by either heating or 
cooling the places where two dissimilar metals are soldered to* 
gether. Combinations of this kind form nngU tkermo'electric 
batteries^ which, without a galvanometer, show the existence of 
the current by means of a ma<rnetic needle brought within the 
circuit. These are the thermo-electric currents that were hrst 
observed, having been discovered by Scebeck in 1821. 

The direction taken by a current in one of tht^e batteries de- 
pends partly on the nature of the metals of which it is composed* 
partly in the difFerenee in the transmission of the heat; t e. wheiT 
the points of junction of the two metals are cooled the direction 
of the current is exactly opposite to what it is when they are 
heated. By variously combining the metals it was soon found 
that, with regard to ttie excitation of electricity by heat, a similar 
relation obtained as when it was excited by contact; and that 
they might be arranged in a thernw-eiectrical urdLi- of tension, ac- 
cording to their difierent electromotive efficiency, as thenno-elec- 
tromaton. We have already given a ninilar series for contact or 
Yohuc electridty (§ 502.). Seebedt*s list is as follows:.— bis* 
muth, nickel, cobalt, palladium, platinum, uranium, copper, man* 
ganeae, titanium, brass, gold, mercury, lead, tin, chromium, mo- 
lybdenum, rhodium, iridium, silver, zinc, tnnjrsten, c-idmium, 
•teel, iroQ, aritenic, tellurium, antimony. Of this series bismuU^ 
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is the most electro-negative member, and antimony the most elec- 
tro-positive. Thus, as in the scries with regard to voltaic tension, 
each metal combined with any of the succeeding will, on being 
heated, become negatively electrical; if joined with any that pre- 
cede it, it will become positively electrical : these circumstances 
are reversed if its temperature be lowered. The diflference of 
temperatures being the same, the intensity of the current is 
greater the farther the metals are asunder in this seri^ Bis- 
muth and antimony, as the two extremes, form the most power* 
ful thermo-electric batteries; so sensitive, that by touching them 
.It the point of juncture with the naked hand the needle is de- 
flected, the temperature of the metals being but little alcove the 
freezing point. Brass, which stands pretty near the middle of 
the list, if combined with bismuth or antimony, constitutes a 
thermo-battery of mean power. When combined with bismuth, 
brass is the electro-positive element, and with antimony it is the 
electro-negative. Further, it has been ascertained that, within 
tolerably remote limits, the intensity of many batteries is propor- 
tional to the difference in the temperature of their elements, 
while with others this proportion is confined within an extremely 
narrow range, or even has no existence whatever. Another co- 
incidence which obtains between the thermo-electric and the vol- 
taie series consists in this, that, in such batteries as are composed 
of more than two heterogeneous metals, the intensity of the cur- 
rent is the same as would have been obtained by combining only 
its most negative and most positive members. It must be further 
remarked, that this relative position of the metals in the series 
holds good only when they are chemically pure, and that when 
alloyed at all their position is thereby materially aftected. Hence 
it has been presumed that we are furnished with a test of the 
purity of the metals. 

Seebeck and Cumming have alao noticed that combination^ of 
the earths and other conductors of electricity form tbermo-eleo* 
tric batteries, a fact which is eq>eoial]y of importance on account 
of the inference drawn from it as to the existence of similar cur- 
rents in the earth's crust : this subject will be more fully treated 
of in § 533. 

A very convenient mode of con- 
Fiff, 199. structing these simple thermo-electric 
batteries is represented iu 199. a b 
is a bar of bismuth or antimony, about 
4 or 5 inches long, from ^ to | of an inch 
wide, and about 1 or 2 lines in thick* 
nessk To it is soldered a strip of cop* 
per or brass, of equal width but rather 
shorter, bent at right angles at c and d 
in such a manner that the distance be- 
tween the parallel metal plates is about 
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an ineb* As has been renuurked above, tbe most powerful 
simple battery is obtuned by combining antimony and 
bismutb in this manner. In the middle of tlie lower plate 
is an upright piece of wire, finely pointed, and carrying a 

sensitive needle, n s, which hns a graduated circle imme- 
xiiately beneath, on which the angle of its deflexion may 
be read off. 

The foUowing experiments can be performed by means of 
such a thermo battery as we have just, described, consisting 
of bismuth and brass, antimony and brass, or antimony and 
bismuth. 

Fini Expt wiik a bismuth and brass haHery. Place the 
apparatus in such a position that the longer direction of the 

battery may coincide with the maj^netic meridian, and have 
the same polar position as the needle. Heat the southern 
joint at a by holding under it the flame of a spirit lamp, and 
the north pole of the masjnet will begin to turn towards the 
west, its deviation increasing as the temperature rises. Hence 
it follows that (by § 512. ) the current proceeds from & to a, 
ie, from the cold to tbe heated end. 

Second Expt,^ foith a battery of antimony and hrass*'^ Treat 
this in the same manner as the preceding, and the north pole 
will be deflected eastwards; hence the current iroes ftom 
a to or from the hot to the cold part of the nn tal. 

Third Expf., with n battery of antivwny and bismuth. — 
The deviation in this case will be similar to that in the pre- 
ceding, only that it will be much greater, the joint a being 
heated as before. 

Cool a by the method gtven in the fourth experiment of 
tbe preceding paragraph, and the needle will be deflected in 
an opposite direction ; the intensity of the current will be 
donhh-d liy simultaneously hoating a and coolinfr ^. As a 
general rule, the sensibility of single tlierini> electric bat- 
teries in:iv be increased hy usiii!? a double astatic needle, as 
in Fechiicr's tiienno-galvanomcter,^^. 1 97. 



§ 531. 

Compound thermo-batteries, or ^wrmo-elcctnc pUeSt may be 
mislructed by combining a number of single ones on the same 

principle as voltaic piles or hydro-dectric batteries are formed. 
Connect the single thermo-electric batteries by soldering together 
the two heterogeneous metals in pairs, so that the poles of tbe 
pile may end in two heterogeneous metals. Heat simultaneously 
all the junctions on one side of the pile, and cool all on the other, 
10 that a heated point follows a cold one throughout ; and the 
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ctttrento anamtiiig from the poles will display an intemity pro- 
portional to the number of pain. Ftjf* 900. Is a tehcme of soeh 

d b b h d u b h h b a 

WWY LOTLnJ 

a combination, the dark lines representing the one metal, and the 
faint lines the other. Let a be the junctions to be heated, and b 
those to be cooled, or vice ve}\sd. ihese thermo piles have been 
Tiriously constructed, according to the purpose to which they 
are applied* differing in finrm^ dimensionat and the metals used as 
eleetromotors. Bismuth and antimony are the metals most gene- 
rally employed, and the piles made of them are the most efficient 
and sensitive, but they cannot be used at high temperatures. If 
the heat to which the battery is to he exposed is great, platinum 
and iron should he used. The metals are commonly in the shape 
of four-sidLti prismatic bars, a few inches long, frequently only 
one inch in length, and a few lines in thickness and breadth. 

These thermo-electric piles produce eiV^ts precisely similar to 
those brought about by the hydro-electric piles; t. e. if they con- 
sist of a suffieient number of pairs of adequate dimensions^ they 
produce the same phenomena of light and heat, they excite the 
same physiological sensations^ and exert the same chemical influ* 
ence, but in a lower degree ; because of the resistance to conduc- 
tion that has to be overcome, which resistance prevents the cur- 
rents jD^enerated by these piles, even when tticy consist of many 
pairs, possessing aix intensity et^uai to tiiat oi currents emanating 
from hydro-electtie batteries. 

Munke describes one of these piles which he has con- 
structed, the current of which produces all the effects named 
above : it consists of 81 pairs of antimony and bismuth 
bars, 27 lines long, 5 wide, and 4 thick. The pairs of bars 
are arranged in 9 rows of 9 pnirs each, which, with their 8 
metal connecting pieces, give IK) junctions on e;u h surface of 
the pile. The under side stands in a tin vessel lull of water 
containing ice and snow, while a copper plate of burning 
chucoal is hud on the upper side. 
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§ 532. 

Our theoretical views and their ptaetical appUcation have de- 
rived considerable advantage from our increased knowledge of tbo 
nature and properties of tbermo electric currents. Unf^oubtcdly 
the most important benefit, and that of which the most extensive 
use has yet been made, is the application of the thermo-electric 
current to measure temperatures in cases wixere utlier instruments 
were not efficiently delicate^ or where the temperatures were so 
extremely high or so very low that our ordinary pyrometers and 
thermometers could not be relied oo ; or, lastly, to measure the 
degree of heat in places where other kinds of apparatus could not 
be used. The strength of the current generated by the heat in a 
thermo-battery measiires its temperature ; the intensity of the 
current btiag esthimted, as in hydro-electric batteries, !»y tlici 
deflexion of a magnetic needle. An apparatus of this kind is 
termed a magneto thermomeUr, 

As yet it haa been roost extensively .used to determine very 
minute diflbrenees of temperature. The magmeUe difftrenHai 
thermometer^ constructed for this purpose by Nobili, consists of a 
pile of bismuth and antimony, whose poles are connected with a 
delicate thermo-galvanometcr. When in use the source of heat 
to be tested is allowed to operate on one half of the junctions, 
while the other half are kept at as low a temperature as possible. 
The delicacy of an apparatus of this kind is sucli that, according 
to Nobili's observations and comparisons, it is capable of mea- 
suring by the deileaion of the needle a difl^nce of temperature 
of 2^h of a degree. By the aid of such a delicate instrument, 
Melloni was enabled to carry on his beautiful and important in- 
vestigations into the relations of radiant heat with the greatest 
accuracy, as well as to confirm them by experiments that admit- 
ted of no doubt (see § 384 — 389.). Von Wrede used the sama 
means for determining the velocity of radiant licat (see § 381. )• 
The thermo-electric piles recently constructed by Nobili 
and iVIeiioni are of various forms, according to tlie use to 
which they are to be applied. In that which Nobili calls 
piia a seatola»** the prisms of bismuth and antimony ate so 
arranged that each half of the junctions stands near the 
other in a square. All the pairs are enclosed in a brass box 
of cylindrical shape, in which they are insulated, with respect 
both to the box and to one another, by leaving the interstices 
filled up with gypsum, wax, or re^in. The two poles of the 
pile end on the outside of tlie cylinder in two bmding- 
scrcws, by which they may be connected with the thermo- 
galvanometer* Both ends of the pile can be dosed by a 114 
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whieh shuts on o?er the cylinder. These piles air used 
chiefly for investigations into the phenomena of contact, for 
vhich reamn their junctions are left polished, and, to in- 
crease their seosibiiity, the lid is so eonstructed that it can 
be filled vith saosr. Fiy. SOL represents this apparatus : 

a is the brass box which 
Fig, 201. contains the thermo-pile ; 

^ one set of junctions, », is 

P ^.^*^2^^ visible ; p and m are the 

two bindiog-seiews con- 
nected with the poles; 
wires go from these to 
the galvanometer ; h and 
c are the two lids to shut 
up the box with. If the pile is intended for experiments 
on radiation, the junctions must terminate in sharp edges or 
points, bhickened to increase their absorption of heat, i In v 
are placed either side by side in a sijuare, or they form uae 
Straight line — ^the *<pila a pfrttine,** to investigate the pheno- 
mena of diflTraetion ; or they are nnged within a circle* like 
the rays of a star ; see ftp* S02.» where the rays of heat 
act on the junctions inside. This form is best 
adapted for the rays of heat concentrated by a 
convex lens. In all these piles that side of 
the junctions on wliicli the rays are intended 
1(1 act is furnished with a conical or parabolic 
re hector, widening outwards, as is shewn at c, 

Jig. 201 .f in which the rays of heat may be re- 
ceivedt while the other side is secured against 
their influence by being closed with a liiL 

For the first idea of a magnetic pyrometer we are indebted tO 
Becquerel. This distinguislied philosopher made use of a 
thermo-battery of copper and iron, which he connected with a 
galvanometer that he re^^uiated in such a manner as to express 
the dedexions of the needle in values of the electric current. 
Suppose now soaie definite intensity of the current had been 
ascertained for some particular high temperature of one of the 
junctions, a temperature, however, tliat could be appreciated by 
the common thermometer, while the other two are kept at the 
fteeetngrpoint ; if any additional heat beyond the range of the 
thermometer be applied to that junction, a still further deflexion 
of the ^galvanometer would ensue, and this higher temperature 
>vould be inunediatt ]y given l}y the deflexion in degrees of that 
particular thermoinct lie scale which had been nsed in valuing the 
original deflexion. I'uuillet's maguetic pyrometer acts on the 
same principle ; it consists of a gun-barrel* to which are soldered 
|wo platinum wires that are connected.with a tbexmo-galvano- 
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meter made by coiling a strip of very thin copper some twenty- 
^ve times. The construction of this galvanometer in other points 
resembles that of the sine compass (§ 522.); and, by a formuU 
Pouillet gi?e8» we may caleulate from the angle of the needle's 
defleiion what is the temperature of the junction exposed to the 
heat. By means of such an instrument the fusion-point of most 
of the metals has been deterTnined (§401.) PouUlet also used 
the thermo-electric battery for (ieterminin^ the maximum degree 
of cold. He endeavoured to ascertain the temperature at which 
quickiiilver freezes and sulphuric a-ther combined with solid car- 
bonic acid begins to solidify. lie used a battery of bismuth and 
copper, and found the degrees of cM shewn by it to agree 
exactly with those given by an air-pyrometer and a spirit of wine 
thermometer with which be compared them; he considered, 
therefore, that the indications of this apparatus are proportional 
to the differences of the temperature as low as — 100*' centigrade 
«= — I'iso P;i|ir,^ or below tlie freezing point. 

The third use to which tliesc thermopiles have been applied is 
to measure the temperature of places; they have been employed 
in estimating the temperature of the sea, and tliat of the earth's 
crust at various depths below the surface, as also that of the 
atmosphere at different elevations. The mmple batteries as yet 
used for. the purpose consbt of an iron and copper wire, whose 
ends are soldered together ; the length will vary according to the 
di^^nce of the point whose temperature is to be investigated. 
One of the jnnction<; must be at this place, and the other at the 
station where the ohseivations are made. A thernio-«ralvano- 
meter is connected with the hattery, and shows by tlie deflexion 
of the needle what is the diilerenec in the temperatures of the 
two stations. Now to measure this, Peltier immersed the junc- 
tion at the place of observation in some fluid whose temperature 
he raised or loweredi as the case might he, till the galvanometer 
needle stood at zero, when the temperature of both the junctions 
must be equal. A thermometer standing in the fluid showed the 
heat at this pfHut, and at the same time nho that at the more 
remote junction. These measurements wili not always ^»^ive 
perfectly accurate results, especially when the dillerence between 
the temperatures is siuall ; and if the length of wire to be tra- 
versed by the current is considerable, its intensity will sometimes 
be inadequate to overcome the resistance to conduction and 
effect the magnetic needle. 

It is deserving of remark that by means of a thermo-electrical 
apparatus, such in principle as we have just described, but of 
course modi (led somewhat in form, Bccquerel, Brec^u't, and Du- 
trochet have succeeded in obtainin<]^ iinportant estimates of the 
vital heat of colf!-i)l Doded animals and livinL^ vegetables. 
. Xiiu appUcatiun of thermo-battcues to this use led Peltier at 
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length to tbe Important dlseovefjt thai a h jdro-eleetric euncnt 
in its |iaa!Bge through a single thenno-hattery^ b eapaUe of 
generating either beat or cold at its junctiona; tlie fonner» when 

its direction is opposite to that of the thermo-electric current 
which is generated by raising the temperature of the junctions ; 
the latter, when its direction is opposite to that of the current 
produced by cooling the same points. The apparatus best 
adapted for testing tbe difference of temperature caused by a 
bydro-electrie current it Meier't Thtmo-deeirie GroMt which 
cootiBts of two strips of difierent metals* «r. gr. antimony and 
bismuth, laid one over the other in the form of a cross, and sol- 
dered together at the point of intersection. Two heterogeneoua 
metal ends of such a cross are connected with the poles of a 
single hydro-electric battery, and the other two with a thLrino- 
galvanoraeter. As the stream flows through the junctions, the 
needle of the galvanometer is deflected, from which we infer 
whether these points have been heated or cooled. The voltaic 
ounrent may be allowed to act alone for some minutes ; then sus- 
pend it and connect both ends of the cross withibe galvanometer ; 
the same result is obtained. If the cross be made of antimony 
and bismuth, the junctions are heated when the current proceeds 
from the former metal to the latter ; on the contrary, if they are 
cooled it p;oes in tlie opposite direction. Corresponding!; results 
have been obtained with other thermo-electric combinatious, and 
as a general rule, it seems that licat is elicited when tlie positive 
current passes Irom a bad to a good conductor ; that cold is pro* 
duced when these circumstances are reversed. Von Lens so 
lowered the temperature of a junction in an antimony and bis- 
muth iMttery by the voltaic current as to fireese water. 



§533. 

Light is mediately a cause by which the electrical equilibrium 
in a body is disturbed, if it produce local beat, especially in those 
parts where heterogeneous substances touch. This effect of sun- 
light is easily explained by attributing it to the thermal infiuenee 
of the solar rays (§ 425.) ; but the infimnces that we seem to 
be justified in drawing:;' as to the warming of the earth's surface 
by the sun are ot special importance. Since the cru^t of our 
earth may be regarded as a l)attery of heterogeneous matter, 
and since its thermo-electric currents have for the most part the 
same path as that in which its beat advances, it has hence been 
inferred that during the rotation of the earth from west to east, 
the heating of its surface by tbe sun*s rays goes on in an opposite 
direction, vis. from east to west, and that to this the electrie 
ourrents owe their origin i for they hold on their course unin- 
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terroptedly in the same direction on and within the earth's crutt, 
in lines parallel to the equator and its parallels. This theory, 
which is held by moat modem philosophersi was first broached 

by Ampere. 

The importance of this theory induced several scientific 
men to institute experiments to determine the actual exist- 
ence of these currents. In the year 1830i Fox performed « 
series of experiments in the mines of Cornwall, by connect' 
ing two distant stations in the same vein with the wires of a 
galvanometer. He thus ascertained the existence of elec> 
trical currents of different degrees of intensity within the 
eartfi, their direction in some cases runnin^r from E. to W., 
in others from W. to E., and when the stations were at un- 
equal depths below the surface, the electric current was 
generally downwards ; Pentherick. and Bennett verified this 
last obsenration in their experiments in other mines. Fh»« 
feasor Reich^i ezperimentSy which he carried on in 18S8 and 
1 839, in the mines of Saxony led to similar results, inas* 
much as he found the direction of the currents to depend 
on the fTeojTr?iphical situation of the place, and on the depth 
of the station below the surface. 

Edmund IJecquerel has since made us acquainted witli 
anotiier electrical influence of light. From a series of 
minute and ingenious experiments, this philosopher found 
that the chemical rays (§ 358.) of the sun and of artificial 
lights exert such an influence on plates of metal immersed 
in any fluid they can decompose, as to cause electrical phe« 
nomena which could not be produced by means of heat 
alone, and that the plates thus exposed to these rnys became 
positively electrified. The fluid iTiu<^t he one chemu-allv acted 
on by light. Subsequent experiments have shown that tiie 
chemical action of light is not the sole exciting cause of 
these currents, but that tlie radiation of the metal exerts a 
powerful influence on this phenomenon. That light alone, 
without any chemical action, might produce thb efleet, can 
be shown by the following experiment A vessel was divided 
into two parts by means of a capillary partition, and each 
part wns covered with an opaque screen. Both compart- 
ments were then tilled with the same fltiid, and a strip of 
platiniim y^lacet! iu each ; the connection was established by 
means ol a galvanometer. Under ordinary circumstances, 
no electrical current would be generated in the apparatus ; 
but on removing the screen from either of the divisions so 
as to allow the light to fidl on the platinum, the needle of 
the j^vanometer was considerably deflected firom its original 
position of rest* 
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§534. 

Beeqiierel*s experiment, which we have just described, leaves 
us no room to doubt that Heat is the alone immediate and suf- 
ficient cause by which electricity was excited, and that no chemi- 
cal influence whatever operated to produce it. But as yet no 
satisfactory conclusion has been arrived at, as to the mode or kind 
of influence boat exerts in thus disturbing electrical equilibrium; 
thus much at least lias been ascertaiued that, in this class of elec- 
trical phenomena, the internal texture of the bodies, and espe* 
oially their crystalline structure, plays an important part ; if, too, 
as we have already shown, a change in the molecular relations of 
bodies be the primitive cause by which electrical influences are 
called Into exlstenco» beat may induce the required change in a 
variety of wnys. 

Tii (j(|uerel is of opinion that if the metals are classed ac- 
corduig to the degree in which they become positively 
electrical by contact with each other, their order will be 
fimnd to agree with that in which they would stand if ranged 
according lo their radiating power ; hence he conjectures 
that the thermo<e1ectrical properties of bodies stand directly 
related to their radiating power* He further holds that, 
when the caloric meets with any resistance to its motion 
and propagation in bodies, it resolves itself into its two fac- 
tors + and — electricity; that experiments have pro\Ld the 
former to be the more powerful ; it therefore penetrates 
through the resisting medium, and hence the (positive) 
electric current passes from the heated towards the cooler 
parts. He also assumes, that heat can alone be the exciting 
cause by which electrical equilibrium is disturbed in bodies, 
that by its expansion of the minutest particles in a body they 
are made to recede one from another, and that it acts in the 
same manner as in the mechanical separation of bodies and 
their constituent particles (§ 526). Every particle more 
heated than its neighbours will attract more + electricity 
and repel in all directions the — electricity, and thus the di* 
rection of the thermo-electric current is shown by the pro« 
gresstve warming of one particle in a body after another. 
Nobili, who has built up his theory on the same assumption, 
considers heat as the common principle of all electrical phe- 
Pomona, nnd is of opinion that electrical currents invariably 
• pass from ( hot to the cool body ; he speaks of the electric 
currents us tiischarging the caloric in one or other direction, 
» and thinks that they display the pheiiouiena of heat and 
inoindescence when the caloric is in excess, and that to the 
same cause is to be attributed the other efl^ts which bave 
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been already noticed. He accounts for fh(? hv^h velocity 
with which electricity is propagated by sii;)]iosinLr the electric 
current to be properly an undulation vvliicii couiinunicates to 
the one extremity' auy dlHcreucu ui temperature existing at 
the other. 

r 

§ 535. 

Magnetism is also an exciting cause of electrical action : the 
condition of electrical neutrality is affected in a remarkable lYian- 
ner by the magnetic polarity of bodies, and if they are conductors 
of electricity a current will be generated closely resembling in its 
nature the currents derived from other sources, though its dura* 
tion and direction depend on peculiar laws, llie electrical phe^ 
nomena generated by magnetic influence are classed under that 
branch of natural science known as electro-magnetism, which 
will be treated of at length in the concluding section of this 
work* 



▼I. ATMOSPHERIC BLECTEICIT7 AND THE BUECTBICAL PHE1I01ISN4 

OF LIFE. 

§ 536. 

The shell of air and vapour, which we call the atmosphere, is 
that part of our |)l:inet in which the electricity liberated by various 
processes accumulates j it constitutes in fact the great reservoir 
of sensible electricity, our bolid earth being rather the field in 
which this mighty power is again collected and neutralized. The 
atmosphere is therefore the region in which the phenomena of 
atmotpktrU deetneUy are displayed on a large scale : their origin 
and operations are to be explained by reference to the observations 
made and the laws discovered, as given in the preceding sections. 

The existence of sensible electricity in the atmosphere may he 
reaiii ly proved by fixing a glass tube on a wooden stick, a fishing 
rod will do, several feet lona: ; to the tube fasten a pointed piece 
of brass or copper wire ; erect this hi the air, and it will act as an 
insulated conductor to attract the electricity ; the conduction may 
bft accelerated by sticking a piece of phosphorescent touch-wood 
on the point of the wire. Now connect the wire by means of a 
second wire with a delicate electrometer, and the latter will show 
the electricity conducted to it from the atmosphere. 

§ 537. 

Sensible electricity is found iu the atmosphere at ail times and 
in every state, but it varies both in kind and intensity. The ibU 
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loving genenl midte htm been tfriTed at by tbe inwtigatloiis 
of many scieDtifie men into this sulgeet When the air is elear and 
serene* its electricity is generally po«itive, but when the weather 
IS damp or rainy, it is negative. Its intensity varies with tlie 

height of the different strata ; it is nho affected by the time of 
the year and of the day, and by the tratiquil or wii)dy state of the 
air. The Llectricity is more powerful in the higher regioijs of 
the atmospliere than it is near to the surface of the earth ; it is 
stronger in winter, and especially in frosty weather, than io 
summnry and when the air is stiU« than in windy weather. 
Atmospherie deposits, such as rain, snow, &e.» are sometimes 
positively and sometimes negatively deetrieal ; Scbiibler*s obser- 
Tations go to prove that this depends on the quarter from which 
the wind blows. Generally speaking, when the wind is in the 
north, the deposits are positive, when it is in the south, they are 
negative, and between these there is a con5;tf?nt interchange; the 
electrical cojiduion of the earth is invariably opposite to that of 
the atmosphere ; hence, at a certain dUtaoce above the surface of 
the former, in an open country, at the height of three or four 
^t, the antagonist eleetrieities neutralise each other, A periodie 
variation has been noticed in its intennty, the atrial electricisy 
attaining a maximum and minimum twice every day. Its inten* 
sity is lowest during the nin;lit, it rises at sunrise and during the 
fall of dew, and attains its maxim uni a few hours after the sun is 
above the horizon; from thattitno it tiiiijiiiishes till it reaches the 
minimuni, au hour or two before sunset; as the sun sinks below 
the horizon, it rises rapidly while the dew Is falling, and in a few 
hours attains its second maximum. 

De Roma, Wecke*8, and Henry*s experiments with elec- 
trical kites first proved that sometimes the sensibie electricity 
accumulated in considerable quantities in the upper regions 
of the ntmosphere. lire electricity they conducted by this 
means to tbe earth's snrlhce produced effects far greater than 
have as yet been performed by the most powerful electrical 
machines ever constructed. — All experiments of this kind 
are, however, attended with danger, especially if conducted 
during a thunder-storm, as was shown in the case of Pro- 
fessor Richmann, of Petersburg, who was struct^ dead by a 
flash of lightning which he drew firom a doud on the 6th 
August, 175S. 



§536. 

The sensible electricity, which exists in the atmosplu re, owes 
its origin to many difiercnt causes; but though some of the most 
distinguished philosophers have investigated the lulu'ect, no per- 
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fectly satislactory explanation has as yet been offered. Among^ 
tbe probable causes to which it is supposed to be owing are, the 
friction of the poittcf es of air one against another, the aontaet of 
strata of air of unequal temperatures, the processes of eombnstloa 
and vegetation, the formation of Tapoiurs and their condensation. 
Since we know by experience that when two bodies are rubbed 
tog^etbcr the warmer becomes ncgativelv clertrilit H and the other 
positively (§ 481.), and since the heat of the strata decreases 
with the heat of the atmosphere, some philosophers have conjec- 
tured, that in these laws we are to look for an explanation of the 
feet that, as the height of the strata increases, they become more 
positively electricaL PottiUet» on the oontrary, eonsidefs that 
the process of oomlmstion, evaporation, and vegetation, which are 
earned on uninterruptedly at the earth's surface, are the main 
sources from which the atmosphere derives its supply of elec- 
tricity : this view he has eijdenvoiired to support l>v a series of 
experiments, for an account of wliich the reader is referred to his 
Tfutk. The correctness of this assumption, on which the counter 
experiments ot I'fatl" have thrown a degree of doubt, requires a 
fuller investigation before it can be admitted to have been proved. 
The indubitable evidences of sensible electricity, which attend 
the dilferent atmoepheric deposits, are in fiivour of the aggregate 
conversion of aqueous vapours exerting a considerable influenee 
on the generation of atmospheric electricity ; Clarice has even 
tried to show that a connexion subsists between the variations in 
the quantity of vapours and electricity in the air. — Perhnps after 
all, it is more correct to assume that several of the causes named 
above, and perliaps others besides, which have not yet been recog- 
nized among the number, operating together, contribute to main- 
tain the atmosphere in a state of positive electricity, and the 
earth's suriaoe in a state of negative electricity : as the air is a 
very bad conductor, Kt^mta compares the atmosphere to a large 
electrical battery, whose negative coating is the earth *s surface, 
and whose positive coating is formed by the upper strata of the 
atmosphere. 

S5S9« 

The principal phenomena whose origin we are accustomed to 
attribute to the accumulation of sensible electricity in the atmo- 
sphere^ and its consequent neutralisation, are, the iSeetro^nuiUon^ 
as they are called, that is to say, Mumfsf'^torms, thut lightning^ 
tkt bammmM appearance qf painUd obftctM^ ffte ouroro ftereoKs, iva*- 

ttrspouts, and whirlwinds. 

The best known and the grandest of these phenomena are 
thunder and liphtniiuj, usually accompanied with rain or hail. 

X^under storms have been accounted fur bjr attributing tlicui 
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to the formation of ciouds, by which they are always precedeJ. 
It is veil knovn that they generally occur in the warmer part of 
the year, and that they are most frequent in the torrid regions 
because the thermal state of the atmosphere is then and there in 
the best condition for taking up a large quantity of aqueous 
vapour. Now if a stratum of air fully saturated with aqueous 
vapour be cooled hut sli-^htly from any cause whatever, the ne- 
• cessary condu u^n is thereby fulfilled for a change in the aggre- 
gate form of tile vapour, which is converted into minute drops 
which form into mists and clouds. This process will go on under 
these circumstances much more rapidly and abundantly than if a 
cooler air, saturated with aqueous vapour of less density, had 
lowered its temperature the same number of degi^es. The con- 
densation thus produced disturbs the electrical equilibrium be- 
fore subsisting in the vapour, and the + electricity accumulates in 
the conducting surfice of the dro;is. Tn proportion as this for- 
mation of mist goes on the clouds become thicker, the drops 
vapour come together near enouj^h to touch, and all their free 
electricity is driven to the surface, which has the sharpest boun- 
dary ; the tension of the electricity which is thus extending roust 
necessarily increase, just as it does in an insulated conductor that 
is charged (§ 483.). Such clouds are then to be regarded as great 
insulated conductors floating about in the air, which cannot but 
act asreeably to the laws of polar attraction and induction (§ 475. 
478. 4S3.) on any bodies that come within the range of their in- 
fluence. The origin of clouds negatively charged is accounted 
for thus: it is supposed that the positively electrified clouds, 
which float about in the higher regions of the atmosphere, by 
their inductive influence on other clouds nearer to the earth than 
themselves, attract the electricity from the latter, whilst the 4* 
electricity discharged into them makes its escape to trees, hills, 
and other projecting objects on the earth's surface. 

The clouds thus chai'ged with electricity, like all othor elec- 
trical bodies, exert a tendency to saturate themselves each with 
the antagonist electricity, and thus to re-establish a state of equi- 
librium. This interchange takes place either between oppositely 
electrified clouds, or between the latter and the earth's sur&ce. In 
the former case there is commonly a mutual attraction of the 
clouds, which will account for their moving in opposite directions 
towards each other, as also for the changes in form which they 
imdergo. If the equalization of their electricities happens sud- 
denly, the iutervening stratum of air is penetrated by the lif/kt- 
niiiff, Avhich is merely a strong electric spark; its path is usu dly 
zigzag, probably in consequence of the resistance it meets with 
in passing through the air it has itself condensed ; even the longer 
sparks given off by an electrical machine are of a zigzag shapa. 
Several flashes frequently follow each other in quick auccesdoOy 
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which is the case when, on account of their relatively low con- 
ducting power, the douds do not completely discharge them- 
selves at onee^ This corresponds to the redduum of senaMe 
deetricity, which accumulates on the surfkce of a battery that has 
been discharged, and thus causes a second or third discharge. 

The thunder is produced simultaneously with the lightning. It 
is a loud report caused by the sudden rupture and dispcrnon of 
the air by the passage of the flash of lightning ; and is perceived 
to happen, on a very small scale, on discharging a battery. If the 
observer be at no great distance from where the explosion takes 
place, he will hear only a sudden report of short duration ; buL 
In proportion as the thunder becomes more distant it will be ac- 
companied with a peculiar roBing wound, It is most probable that 
this rolling or pealing of the thunder is occasioned partly by the 
frequent compresnon and disruption of the air by the lightning 
in the course of its passage, sometimes miles in length, through 
the damp strata of air, which act as conductors ; partly also 
to the different distances from which the sound comes to reach 
our ears; and partly to the recoil of the waves of sound from the 
earth, tiie sea, and even from the clouds. Kiimtz conjectures 
that it is modified also by the interference of the unduJations. 
By these yarious causes the original report is so afTected, that 
tiiunder heard in a plain country sounds differently lirom that 
heard in a hilly one^ and this again from that heard at sea; in* 
deed* at no two places probably is it exactly alike. From the 
time which elapses between the flash and the report, the distnncc 
of the cloud wiience they proceed may be calculated by the ob- 
server according to the laws which are known to regulate the 
velocity with which sound travels. 

The electrical discharges from the clouds fall the more readily 
on ol^'ects at the earth's surfiwe in proportion as they Ihvour the 
inductive action of the clouds, and aid the passage of the lights 
ning by the good conducting structure of their materials, by be- 
ing well connected with the ground, and espepially by their height 
and figure, which should be pointed at the extremity. Hence 
lightning most frequently stxikes high bouses, towers, trees, masta 
of ships, and the like. 

The ertects produced by the lightning in its course through 
bodies depends principally on their conductii»g power. They 
resemble, on a grand scale, the e^cts of powerful sparks from an 
electricid battery. When it strikes any object it proceeds from 
that point along the best conductor that offers itself so that it 
does not always choose the nearest path by which to reach the 
ground. On arriving there, it is neutralized by the opposite 
electricity of the earth, and all its influence ceases. Tf f!io con- 
ductors be stout bars of metal, or any similar objects, which offer 
but a trifling resistance to the passage of the lightning, the dis- 
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charge will take place without leaving any peroepttble tmoe of 
its influence. If this b not thecase»as M-lion the lightning strikes 
either bad conductors, or conductors of insufficient capadtyf 'IMT 

those whose continuity is broken so that there are intervals over 
which it must leap, or through which it must penetrate, then its 
effects are cxtrenjely varied, it fuses or calcines the substances 
through which it passes, as when it traverses wires that are too 
fine. It sets on tire such bodies as are easily combustible. It 
vitrifies earthy substances, especially such as ate at all sandy (a). 
It splits into shivers those solid bodies which are bad conductors ; 
and is dtwtructive to life, both of man and of the lower amniala 
(6). Sometimes a flash is emitted from the earth without any 
electricity being discharged from a thunder-cloud. This pheno- 
menon is thus explained: when a cloud floats just above terres- 
trial objects, and hy induction accumulates in them a great quan- 
tity of the opiiosite electricity, and then suddenly discharges 
itself iigauist a cloud higher in the air than itself, the sudden 
recoil of the latter oceasions the phenomenon. 

(a) When the lightning strikes a aandy soil it sometimes 
penetrates to a depth of 20 feet» fusing the gravel through 
which it passes, so as to give the appearance of a bore or 
tube ; to these holes the name of fulgurites has been given, and 
their electrical origin, which was long held as doubtful, has 
been fully ])roved by Beudant and other French philosophers, 
who artificially produced similar effects by means of an 
electrical battery. 

Almost all these cavities which have been traced to a 
greater depth than some SO or 25 feet are found to terminate 
in a collection of water ; so if we compare the lightning to an 
electric spark, the cloud to the conductor, the mass of water 
to the discharger, then the superincumbent bed of sand will 
answer to the interposed subf^ance which is pierced by the 
passage of the spark. 

(6) On the morninfr of June 2., 1839, a flash of light- 
ningstruck abattalionof French infantry on their march from 
Mezieres to Wetssenburg between Mouzon and Stenay -. 200 
men were struck by it to the ground* and on rising blood 
was seen to issue from their mouths, noses and ears t two 
men were killed on the spot. 

The precautions to be taken in order to secure ourselves 
from a stmkr of lightnln<? will be readily ?=ecn from a con- 
sideration of the preceding paragrajjhs, and trom a krinw ledge 
of the law«: which regulate the action of the electi iL itv ob- 
taiiicii tioin the machine. The chief thing to he atteiulcd to 
is to avoid coming too near to any good conductors. If out 
of doors, do not take refuge under a tree or any other high 
object, do not move with such velocity as to accelerate the 
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process of evaporation, walk in the middle of the street 

rather than near the houses : if within doors, place yourself 
in the middle of the room, away from the walls, bell-puUst 
or any other conductors of electricity. 
Waterspouts and whirlwinds, as also haily which not unfre- 
t[uent)y accompany storms, are among the aerial phenomena that 
have not yet been satisfactorily accounted for; atmospheric 
electricity may however be regarded as at least a eo>operating 
cause hy which they are generated, 

Water>spouts ot^rved at sea» and the pillars of sand seen 
f^enerally in the great deserts, resemble huge funnels ilepencling 
from the clouds. Tliey have a remarkably quick and tortuous 
motion, and frequently emit flashes of lij;htning from their interior. 
VVlien they arise at sea, the water immediately beneath them is 
put into a state of rotation ; by which means it is drawn up to the 
water- spout Vfhm tbb phenomenon occurs on land, dust, sand, 
and other bodies are raised in like manner. Hie force with 
which this motion is generated is prodigious. The masts of ships 
have been broken by it, the vessels themselves have sometimes 
been raised up by it and then sunk ; whilst on land trees and 
even houses have sometimes been unable to withstand its 
violence. 

There is a very difhcult problem to be solved with regard to 
hail, whieli is evidently iurmed in the atmospliure, and which oc- 
casionally falls in pieces large as a man's fist, viz,, how so many 
thousand tons of ice can be formed and supported in the air ? 

§ 540. 

After Nollet and U iiikkr had almost simultaneously (about 
the middle of the last century) discovered the electrical nature of 
lightning. Franklin (1753) applied himsdf to invent some method 
by which the lightning might be conducted to the ground, and 
its destructive effects guarded against. The lightning eontbustorM 
which he invented were rods of metal, of sufficient thickness, ter* 
minating in a point, which projected some distance above the 
highest part of the buildiu'^ near which they were fastened ; their 
continuity was unbroken throughout, and their lower extremity 
was driven some way in the ground : by thi-s simple contrivance 
buildings, especially buch as are filled with inflammable materials, 
are secured against the destructive action of lightning ; the ap- 
paratus^ with slight modification, has been applied also to ships. 
In the erection of a paratonnere the object to be secured is, that 
when it causes the discharge of an electric cloud, it alone should 
conduct the lightning to the ground without the building it is 

ir 2 



Digrtized by Google 



« 



180 rA&AT0MMKU8* 

intended to protect or any of the neighbouring ones contributing 
in the slightest degree to re-establish the elecmcal equilibriuin. 
Since the original inveotion of this most useml apparatus 
tarious improrementa have been introduced in its coo* 
struction, and an attempt has been made to find some method 
of measuring its protective power. In the erection of con- 
ductors the followinc^ rules are g^fnorally attended to ; if of 
iron the upright rods are ji^encrally about 2 inches thick and 
they rise at least from 5 to G feet above the highest parts of 
the building they are to defend, their ends are armed with a 
truncated point generally of copper gilt. It is assumed that 
a paratonnere of thb kind is effeetive witbin a circle of SO 
feetf that wben several are erected they ought not to be more 
than 60 feet asunder. According lo the experiments of 
fieaaor Charles it would seem, however, that a paratonnere does 
not protect any object whose distance exceeds twice its own 
height above the object. A metallic connexion is carried on 
from the projectinfj^ rod uninterruptedly to the ground: for 
this purpose a thinner bar, genernlly about ^ an inch thick, 
is used; but sometimes strips of other metals are employed, 
and occasionally even wire. Whatever kind of conductor 
may be selected, it is necessary that it should go over the 
roof and not merely down fro.n the upright rod above tiie 
building ; care should especially be taken that wherever the 
parts are joined tlicre should be a pure metallic connexion ; 
further, it is advisable that it should In^ carried at some little 
distance from the roof and walls of the l>uiluLn^; that it 
sliould not pass throuj^h any combustible substance; that it 
should be kept uway from any metal in the building itself, 
such as bell wires and the like ; that if the roof be of metal 
the conductor should be carried clean over it and over any 
metal gutters and spouts. The ends of the conducting rods 
or wires ought to be carried to a place where tl^e earth is itself 
a good conductor; if into a pool of water so much the better. 
If this cannot be dnnp, select as damp a spot as cnn be 
found, nnd let the comliK tors terminate in three or four di- 
visions a few fct t uiulkji iiiound and not close to the building. 
Powder-magazines, laboratories, and similar eiiUices, contain- 
ing substances that would readily ignite, require to be 
secured with especial care against lightning. To prevent the 
lightning communicating at all with the building, tall poles 
like masts rising higher than any part of the building are 
placed rotmd about it at di5^taIlces of from 6 to 10 feet ; the 
tops of thosp mrists riro armed with paratonncrcs, nnd, accord- 
ing to Professor Chai Irs's observations, the distance of one 
mast from another should not exceed one-fourth of its 
height, la tiie construction of edifices requiruig extra care 
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to secure them from lightnincr all unnecessary projections 
sliouid be avoided and as soiali a quantity of metal as pos- 
sible should enter into their construction. 

The phenomena of lightning, and the destructive elfects 
which sometimes follow when it strikes a building are ez- 
empU6ed by means of a well known piece of apparatus called 
a thunder-housey used with an electrical machine ; by it the 
utility of ligbtniiK^ conductors is illustrnted, and the iden- 
tity of the lightning and of ordinary electricity is fully 
established. 

S 541. 

The lanib/ nt Ughtningy usually seen duriiyL!; the warm summer 
evenings playing in the horizon, is auotlier well-known elec- 
trical phenomenon. It consista in a suecessionitf luminous flashes 
rapidly following each other and each of but transient duration. 
No report like Ihunder is heard to follow and the light is often 
visible at the same time in the most opposite regions of the 
horizon extending over a very considerable space. It has been 
established bevond doubt that in many cases it is owing to the 
flashes of lightning which attend storms hapiiening at that very 
time at places holow the horizon ; but in otiier instances, 
Schiibler believes it to be an electrical pheuouieuon altogether in- 
dependent of any thunder-storm, owing to the efflux of strongly 
accumulated electricitj which meets with no antagonist electricity 
in the neighbouring strata of clouds ; similar therefore to whitit 
obtains in the eiperiment with the lightning table described in 
$ 493. 

Similar electrical phenomena, but less generally known and less 
frequently noticed are those tufts of light occasionally visible 
when the air is in a highly electrical state on pointed objects, such 
as the tops of the masts ami the ends of the sail-yards of vessels, 
on the tips of lightning eoiului tors, on the ends of bayonets, and 
sometimes even un the ears of horses; the ancients gave to this 
light the name of Cbstor and FoUux : in modem times it has re- 
ceived various names* es St film's fire^ Helen's lights, &c. The 
light is seen to flow from such bodies as we have just named for 
a length of time^ the discharge being attended with a crackling 
noise ; it produces no perceptible effects, and is in all probability 
owing to the equalization between the electrical tension of theat- 
nnosphere and earth, resemblinti; tiie emission of electricity from 
pointed bodies towards the conductor of the noachlne. 

v S 



Digitized by Google 



182 



XVROKA BOBEALIS. 



§ 543. 

The Polar lights, the Aurora BoreaKsy and Australis, are lumi- 
nous appearances in the horizon, less transient in thAv duration 
tuati either the lightninfT or the phenomenon described in the 
preceding paragraph ; indeeii they are sometimes visible for hours. 
They are of most frequent occurrence in the higher latitudes, 
more rare in the temperate xones, and within the tropics they 
are scaniely eve? seen. In the northern hemisphere the illu- 
minated part surrounds the north pole» in the opposite hemi- 
sphere it surrounds the south pole ; hence the respective names 
of borealis and australis applied to the aurora. When the figure 
is perfect, u-hicli however it rarely is, it consists of a himinous 
strip of a circular torm, enclosing with the horizon a dark seg- 
ment of a circle whose centre seems to lie in the magnetic me- 
ridian. This arch of ligiit undergoes many changes in the 
heautKul colours which compose it, and emits many flashes of 
light. From time to time it throws up sparks of light of a}l 
colours, and in every direction ; these frequently reach to the 
zenith and form a kind of crown. The greatest height to which 
this radiant light extends in the atmosphere is somewhere about 
fifteen miles. Sometimes the entire heavens appear illuniinated 
al)ove the arch to tlu> very jieulth ; it is asserted that when the 
northern lights arc unusually brilliant, very peculiar noises iiave 
also been heard. « 

From experiments and observations made on this subject, 
especially by Hansteen, it appears that the polar lights do fre- 
quently, but not always* affect the magnetic needle, deflecting 
it sereral degrees, just as the electric current deflects the gal- 
vanometrio needle (§ 450. and § 512.), whereas if a needle of 
copper or any other metal be substituted for the ma«jnetie needle, 
no such effect follows. There is a great similarity between this 
plienomenon and the appearance presented on exhausting a gla-ss 
vessel and then discharging a stream of electricity into the 
▼acuum, as is done in the ehctrical aurora borealis, § 493. Han* 
steen*s obserration is worthy of notice, that, shortly before the 
aurora borealis is seen, the terrestrial magnetism displays an 
unusual intensity, which however diminishes on the appearance 
of these northern lights, and gradually sinks again to its ordinary 
standard- 

I'Vom the resemblance of this phenomenon to others of im 
electrical nature, and from the fact that it frequently aflcct. the 
magnetic needle, it is held almost universally to he of electric 
origin. Thienemann, who during his residence in Iceland had 
repeated opportunities of seeing this phenomenon, considers it to 
be caused by electrical discharges in the fine feathery clouds in 
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those northern rcp^ions where thunder-storms are unknown • the 
noise, ti)(). \\ Inch lias sometimes heen observed to accompany the 
Hashes ot light, is by him referred to an electric origin. 

§ 544. 

It is generally believed tbat we are warranted in Mying that 
while the functions of life are performed, an uninterrupted de> 

velopment of electricity is maintained between the nerves and 
muscles of animals, at the surface of the skin, and especially in 
heterogeneous orerans. The precise oriirin from which this 
supply of electricity is derived is still unknown to us ; some con- 
sider it to be an eHeet of the organic process of life in general ; 
others that by meant of the contact, or by some ebemioal dil- 
l^renoe in the nerves and muscles, the electricity existing in the 
aniibal subject in a state of equilibrium> is made to acquire a 
degree of electrical tension, and that this constitutes the source 
from which it is supplied ; others again consider electricity and 
nervous ener^ry to be identical. 

Soon after Galvani's important discovery, by which it 
was thought that the existence of a peculiar animal elec- 
tricity had been ascertaii>ed, Alexander von Humboldt, 
Ffiiff^ and others, found that when the spinal nerve and the 
muscle of a frog's thigh were placed in immediate eontact 
or were connect^ with an insulated piece of muscular fledi, 
contractions took place in the latter just as if it had been 
brought into contact with dif^imilar metals. In like 
manner traces have been detected of an electric current in 
living bodies, by connecting i-^vn remote portions of a nerve, 
or of the muscle belonging to it, with a very delicate gal- 
vanometer. 

Dr. Donn6 of Paris is one of those who seek for the 
source of this electrical excitement on the sorlkcea of the 
inner and outer skins, attributing alkaline properties to the 
former and acid properties to the latter. He made one end 
of a platinum wire to communicate with the outer, and the 
other with the inner skin of the mouth ; within the circuit 
thus fonncd he introduced n delicate galvanometer, and 
t'uunci ( viclc iit traces of an electric current which answered 
to this hypothesis. Matteuci, however, is strongly per- 
suaded that a current produced thus after the death of an 
animalf soon ceases, and that consequently it could not have 
been owing solely to the chemical influence of the fluids 
transpired through the two skins. Wilson Philipp» on the 
tfontfary* showed how in certain cases the functions of the 
nerves might be discharged by a hydro-electric current, for 
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having destroyed the actioa of some of the nerves leading to 
die stomseh cif a dog, be restored their suspended aetioD by 
conneetiDg the severed ends with a feeble (^vanio eurrent. 
That a peculiar eleetrieol energy resides in tiie substance oC 
the nerves, which can in some animt^ls be called into play at 
pleasure is clear in the case of the torpedo and the gymnotns or 
Surinam eel These fishes are (list!n<juished by an extraordinary 
abundance of nerves, and particuhirly by a peculiar org:inization, 
by virtue of which they are enaiiled at pleasure to coiniDunicate 
electric shocks to any animals tiiul come near them. 1 ite&e shocks 
are very like those given from a Leyden jar, or from a voltaic 
battery of a large number of plates ; they succeed eeeb other so 
rapidly that men, horsei* and other large animals are stunned 
and even lulled by them. Anatomical investigiatlon has shown 
that the electrical organ in these fishes resembles in its construc- 
tion a hydro-electric cell battery : it produces not only the phy- 
siological effects noticed al)ove, but others of an electrical nature 
strictly identical with those generated by voltaic electricity. 
Thus in this electrical action conductors and non-conductors 
have been found to occupy the same relative positions towards 
each other* By the current these crestures emi^ luminous, tber* 
malf ebenucal, and even magnetic effects are produced. 

The electrical organs in all fishes of this class are nmilarly 
constructed ; but it is not situated in the same part of the 
body in them all. The torpedo has l>een examined with 
the greatest attention : in it, it is found to consist of a com- 
bination of single t ulls arranged like a galvanic pile, a trans- 
verse membrane closes them, and they contain a peculiar 
fluid. Numerous nerves run to the:>e dividing membranes 
and probably fulfil the same office as the dissiniilar electro- 
motors of a hydro>electrie battery. 

If the electrical organ of one of these lisbes he touched 
eiternally at two different points, either immediately or by 
means of a conductor, a shock will be experienced instantly. 
The wider the points touched arc from each other, the more 
powerful the shock ; several persons may receive it at once 
if they form a circle by laying hold of hands, having pre- 
viously moistened them with water ; the first person sliould 
then touch the belly, and the last the back, of the fish. The 
eurrent and its influence will be interrupted by impeifiset 
condoetora. Positive etectrieity is obtained from the back, 
and negative from the belly, as has been ifaown by means of 
delicate electroscopie apparatus. John Davy was the first 
who measured the chemical intensity of this current by its 
decomposition of water and the metallic silts. Its thermal * 
force he ascertained by means of an electric thermometer ; 
its magnetic influence he tested partly by its deflection of 
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tiie needle, and partly by its magnetizing needles. Matteuci, 
and more recently Lineari, have succeeded in getting distinct 
sparks from these creatures. 
Electridity seems to play an important part in the Tarious 
stages of the development of plants. Thus flashes of light have 
been seen to be emitted irom inany plants in full flower soon 
after sunset on sultry days. It has further been ascertained, by 
means of galvanometric experiments, that electric currents are 
generated in the interior of their substance, although their inten- 
sity is but small ; and that an uninterrupted development of elec- 
tricity is maintained by the exhalation of carbonic acid in the 
atmosphere, especially during the germination of the seed, and, 
indeed* throughout the entire process of vegetation. 

The luminous phenomena in plants have been most dlli* 
gently noticed by Zawadskiy who observed them to happen 
principally in orange-coloured flowers ( Calendula officinalis, 
Tropa?olum, Lilium bulbiterum, Tagetes patuln nnd crecta); 
that they occurred most frequently in the months ot July 
and August, and that the same tiou er discharged a number 
of flashes in succession. — Dr. Donne has performed a num- 
ber of experiments in the course of his investigations into 
this subject He has fiiund that in many fruits the eunent 
runs from the stem to the eye, while in others it flows in an 
opposite direction. Blake, who has established the existence 
of these currents by similar experiments, tlnnks he has dis- 
covered that they run from the stems to the surfaces of 
leaves ; that he has verified their course to be as has been 
just said, by the chemical decompositions they effect ; that, 
lastly, the leaf itself is rendered positive, and the ambient air 
native, ^ PouiUet has rendered essential service to this 
hnmch of science by discovering that positive electricity is 
given out from plants when germinating. This he ascer- 
tained by conneeting some that were in this stage of *vegeta* 
tion with a condensing electroscope. From his experiments 
he inferred that a surface of 1000 square feet would give 
. out suflicient electricity to charge the most powerful battery. 
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SECTION V. 

£Ii£CT&0-DYNAMIC8, 

t OK THE PHENOMENA OF ELECTllO-HAGNETISM AND MAGNETO- 
ELECTRICITY, 



§ 545. 

We have already proved, in many passages in the sections de- 
voted to Electricity and Magnetism, that a great similarity in 
muiy points obtained between these two forces. This was par- 
ticularly evident in the exact eoiocidenoe of their principal laws, 
vii., in those of polar attraction (§§ 437. 475. 481.), and in 
those of induction (§ § 439. 478. 483.). But many Other phe- 
nomenay and especially the influence of electricity under Tarious 
circumstances on botli natural and artificial magnets, and on 
bodies capable of being magnetized, lead US to infer an intimate 
connexion between these two agents. 

The following are some among many |)1k noTuena of th\s 
class : — It was noticed tliat steel rods, ami even stones 
(probably loadstones), acquired magnetic properties when 
struck with lightning. Sometimes common needles were 
magnetized by passing electric sparks through them. It 
was also observed that a ship*S compass not unirequently 
deviated from its normal position, when the masts of the 
vessel came near to a thunder -rioiid. Thus in the year 167^, 
when a fleet was sailing to Barhadoes, one ship was struck 
by lightning, and no small surprise was excited by her im- 
mediately sailing back towards England. On inquiry it 
was found that the flash had reversed the poles of her com- 
pass needles. 

Within a very recent period some most important discoveries 
have enabled us to prove, on scientific grounds, on what this con* 
nexion depends. The fiicts on which the whole proof rests are 

the following, vl/. • — 

1.) Tliat every metallic conductor throng!) which an electric 
current passes, acts on magnets suspended freely, and shews mag- 
netic properties. 
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9.) That electric currents exert on eacli otlicr intiuences closely 
resembling those which they exert on magnets. 

d. ) That a magnet acts on an electric current precisely as 
another current would have done. 

4. ) That electric. currents in conductors in like manner eicite 
such currents. And, lastly, 

5. ) That magnets can in like manner excite electric currents, 
and the other electric influences dependent on them. 

All those phenomena in which electricity calls fortli magnetic 
influences bolonpr to ElectrO'tnagnetism j those in which electric 
ac tion is excited by means of magnets are comprised under Map- 
ntto-dc'ctricittf. Since, however, as far as our present experience 
has demonstrated, the electricity set in motion is the fundamen- 
tal eauae of all these eflfeets the name of BUetro-dynawAtt has 
been given to this recent branch of physical science. 

Ritter and Yelin in the last century threw out some con- 
jectures as to the internal connexion between electricity and 
magnetism, and their probable identity ; but it was not un- 
til 1820 that Oerstef^ of Coponlr^'reT), discovered the first 
effects of an electro-niaj^netic, and in 1832 Faraday those of 
a magneto-electric character. . 



I. ELECTRO-MAONETlSal. 

A. Itifluetice of the electric current on magnets suspended fretly. 

§546. 

The first discovery made by Oersted, by which the road to this 
fertile field of science was first laid open to philosophers, con- 
sisted in this: that oxdledriccifmN^frajun^t/^ee/ near to a maynetic 
needle ditflatU U from its normal position. This deflexion, which 
at first seemed either to occur or fail in a manner altogether 
peculiar and uncertain, was found, on closer examination, to obey 
a universal and unvarying law ; which is thus expressed in Am- 
pere's brief and universal terms : That the wiiih pnle of a wdpiiet is 
invariably dejiected to the left of the currenl which passes between the 
medk and the cAff«mr, who U io haee Atf faee toward$ the needle^ 
the electric current heiny supposed to enter near his feet, and to pass 
out near his head. The needle, therefore, as far as the directing 
finrce of terrestrial magnetism permits, endeavours 'to take up a 
position perpendicular to the direction in which the current flows. 
This effect is not altered if, between the conductor of the cur- 
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rent and the magnetic needle, there be interposed either good or 
bad conductors. Unmagnetized needles, and such as are made of 
non-nmgiietizable substances, are acted upon in no such way by 
an deetric etirrent. 

As before, by current is always to be understood that of 
positive electricity $ the law just given and all that will be 
said about the current and it<> direction, is applicable to the 
negative one, if every thing be exactly reversed. 

Since, as we have had occasion to remark before (§ 488. 
and 497. ), the permanent electric current is more power- 
ful and certain in its effects than the momentary one, the 
hydro-dectric eurrent will principally be used in these 
experiments, although we have seen several magnetic 
phenomena produced by firietiooal electricity; and since 
thermo-electric currents are equally permanent with the 
voltaic, their magnetic effects agree exactly with those of 
the latter. 

At first voltaic piles were used for the performance of 
electro-magnetic experiments ; but when it was found that 
the magnetic effects, in wiucii, generally speaking, there was 
no very great redstanee to eondueliim to be overcame^ 
depended principally on the quaiOUy of electricity set in 
motion, a common hydro-deetric battery, with a pretty large 
effective surface, came to be used in its place; the kind 
generally used was either an Oersted's trough, or a Hare's 
spiral battery. Since, however, it has been found that the 
constant batteries are the most powerful and unvarying in 
their results, these have supplanted the other sorts, and the 
current generated by a battery of two Groves* platinum or 
Bunsen*s carbon cells (§ 505. ), with an effective sur&ce of 
fiom ten to twenty square inches, will be found sufildent to 
perform all experiment of this class. 

In performing these experiments, it is frequently desirable 
to reverse the direction of the current without being obliged 
to chairtje the arrangement of the conductors from the poles. 
This end is attained by means of a very serviceable piece of 
apparatus included in the circuit between the battery and 
the electro-magnetic apparatus ; the name of CommtUator^ or 
Gt/rotrope, has been given to this instrument t the first idea 
was conceived by Ampdre^ who has contributed so greatly 
to the advance of thb department of srience : since its first 
invention, the instrument has been considerably modified, 
according to the particular object to which it is to be ap- 
plied. Pohl's is one of the mcst convenient: of it we have 
given a vertical, a sectional, and two perspective views in the 
^t. foiiuwmg, 20J a, 203 d. Four small copper columns, 
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Commutator or Gyrotrope. 



Fig. SOS a. Fig. 203 b. 




A, B, C, D, about \ of an inch thick, are set in a square 
board ; uf these A is connected with D, and B with C, by 
a strip of copper. One of them, A D for instance, is so 
cunred, that when they cross each other no meta]lic contact 
may happen. P M is a copper axle, running in two up- 
rights of the same metal, divided in the middle by a piece of 
wood or ivory, so as to form two insulated portions. On 
each of these halves is a copper bow, a c, h rf, its shape is 
best shown by a I* r, Jifj. 203 h. The pillars P and M, in 
which the cyliiuler turns, serve as binding-screws, by which 
it can be connected with the electromotive apparatus, p and 
m turn about A and B : these arms are also furnished with 
binding-screws, which senre to conduct the current to the 
electro-magnetic apparatus. When these connexions are' 
established, the contact is still broken, so long as the curved 
pieces, a c and b d, remain in a horizontal position, as shown 
in Jig. 20.'3 />; but on depressinijj them, as represented in Jig. 
203 c, the connexion is formed with A and B, the current 
proceeds from F to A, traversing the. conductor of the 
electro-magnetic apparatus, and passing over B, returns to 
M : move them to the other side, the curved pieces will then 
be connected with C and 0, as in fg, 203 d, and the current 
will go from P over C to thencu it will traverse the con- 
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ductor to the electro-magnetic apparatus, and return over A 
back to U and M. — To ensure that a jryrotrope shall act 
with cLMtainty, it is important to see that all the parts 
• through which the stream is conducted are perfectly in con- 
tact at all their points of connexion. In the arrangement 
we have just been describin||^ it is best either to gild the 
points, or else to insert them in mercury cups. 
The action of the electric current^ agreeably to the principal 
law given above, di^iturlis in various waya the natural' equilibrium 
of a magnetic needle, and with a sins^le exception, which will be 
noticed by and bye, the dejiection varies according 'as the current 
passes over or below the needie, wliereas its dip is aHl t ted by 
sending the current at an equal height on one side of tlie needle. 
The influence of the current is further exerted on a declination- 
needle, varying according to the direction of the current, with 
regard to the normal |>08itlon of the needle. 

The following are the principal cases that are to be met wi{h 
of the fundamental action of electrical currents : — 

1. ) If the current pass from the S to the N, above the declina- 
tion-needle, its north ])ole will he deflected westward, and its 
south pole eastward : if, on the contrary, the current go in the 
same direction, under the needle, its deflexion is exactly reversed. 

2. ) Conduct the current in this direction on the east side of a 
needle, and its north pole will be elevated and the south pole will 
be depressed towards the earth ; send the current on the west 
side of the needle, and the elevation and depression of the poles 
will be reversed. 

3. ) All the above deviations will take ])1ace in exactly the 
opposite fiirrrtion if the current flow from S to N, 

4. ) \\ lieri a current is sent from E. to W. , over a declination- 
needle, it will cause the latter to turn completely round, i. e. the 
north pole of the needle will come to the S„ and the south 
pole to the N. If the current be transmitted under the needle 
instead of above it, its poles are not reversed, but the intensity, 
wit!) vv1)ich it abides in its original position, is increased. 

5. ) These circumstances are reversed if the direction of the 
current be from W. to E. 

To verity one by one the diflferent cases of Oersted's fun- 
damental experiment, it is merely necessary to conduct the 
current from such a battery as we have described, along a 
copper wire, about one line in thickness, which tis to be 
placed in the prescribed positions, above and below a mag- 
netic needl^ moving freely. The different phenomena will 
then arise, as has been said already. A common variation 
needle wUl indeed show the dip, but not quite satisfactorily : 
to obtain this with any degree of accuracy, it will he neees* 
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sary to use a balance dipping-needle, such as is depicted in 
fig. 134. To observe simultaneously the various deflexions 
of the needle, with respect to the different points of the 
horizon, according as the current is transtiiitted above or 
Mow the needle, Mmie sueh apparatus as the foUowing will 
be found convenient : a» ^ c^c^ J^* 20i, is a square frame 

of copper wire, at least a 
line thick, fastened on 
four wooden pillars, n, hj 
c, dy in the board A B, 
but left oi)en at a. At 
this point tlie ends of the 
wires 'aie bent down- 
wards at the colunm Oy 
and terminate at p and 
m in two binding-screws, 
which are connected with 
the corresponding ones of 
the commutator, 20.'>. In the middle of each of the four 
wires is a steel point, on which a magnetic needle can be 
placed when the stream of electricity is to be sent under the 
needles: if it is to pass over them, place them on little stands, 
Jig. 204., and put the stands as nearly as possible in the 
middle of the four sides ; care having been Brst taken that 
two shall coincide with the ma^etic meridian. The phe* 
nomena of inclination may be exhibited by this a|)j}aratus, if 
two of these little needles are placed within the frame and 
near the sides where the current is passing in the direction 
of the magnetic meridian ; or horizontal axes may be placed 
in the middle of these two sides, and dipping-needles can be 
slipped on the axes. Do not select as dipping-needles such 
as are either too laige or too strongly magnetued, or else, at 
the distance they will be asunder, they affect each other, and 
prevent one another from taking the expected position. 

To show, in a very simple manner, that, in all cases, the 
influence of the current is exerted agreeably to the above 
laws, procure a small jointed doll ; extend its left arm, and 
it will indicate the direction in which the north pole of the 
needle teiitis to settle, if the doU be held so that the wire 
shall be between it and the needle, that its face shall be 
turned towards the latter, and that the current shall flow 
from the feet to the head. 
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§547. 

« 

It is evident from all that bas been advanced in tbe preceding 
lection as to the influence of the electric current upon magnetic 

needJes, that the former acts upon the latter like \l force which 
exerts itself laterally, and, indeed, at right angles to the line of its 
direction. If this were the only force in operation on the needle, 
its axis would necessarily take a position perpendicular to the 
course of the current. But the magnetic influence of the earth 
;tLUs upon it at the same time, and imparts to the needle its polar 
position . From the contlict ui tiiese two forces an etiect is pro- 
duced which may be estimated in the same manner as any other 
compound motion (§ 23.), and by which the difl^ent degrees in 
which the needle is deflected may be accounted for. 

The only case in which Hae position of the needle undergoes no 
change is when the magnetic current and the vis directrix ^ of 
the earth act in the same filrectjoii. The magnetic intensity is 
then equal to the sum of the Uvn forces. Wheh these forces act 
in opposite directions the resultant is equal to their difference. 
The needle is either less powerfully retained in its normal posi- 
tion, or it is completely turned round, when tbe magnetic in- 
tensity exceeds the earth's directing force : in this position of tbe 
needle the degree of intensity is measured in like manner (see 4. 
in tbe preceding §). When the forces act at any angle whatever, 
then, by tbe law of the parallelogram of forces, tbe needle will 
acquire the position of their resultant. This is, of course, the 
case when the current runs parallel to the axis of the magnet (see 
1. and 2. in the preceding §). 

Hence it is seen why the amount of the needle's deflexion hy 
the passage of an electric current, either above or below it, in a 
direction parallel to its axis, is invariably dependent on tbe ratio 
sttbdsting between the aboTe-named forces. As a general rule, 
the greater the intensity of the current* and the less the **Tis di- 
rectrix of terrestrial magnetism, the greater the deflexion of the 
needle. If now one of these forces be constant, and we shall be 
sufficiently near the truth in assuming the earth's raairnetic in- 
fluence ro he so at all parts of its surface, then the other force, i. e. 
the intensity of the electric current, may he measured by the 
angle which the needle is deflected from its normal position. 
Hence the propriety of using a magnetic needle, both as an index 
to show the existence of an electric current, and as a measure of 
its intensity. It is almost needless to remind the reader of its 
application in the construction of galvanometers (§ 51 2 and 
522> 
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B. — InJIutnee of Eketrie CurrenH on each dher* 

$548. 

No di<:covorv in natural science excited more j^eneral and 
lively interest than Oersted's. Tiie mast distinguished pliiloso- 
pbers throuj^hcrat the world recognised its impoitaDce, and en- 
deavoured by repeating and wying his experiments to trace still 
farther this extraordinary property of eleetrieity. They hoped hy 
meansof Oersted'sfbndamental experiments they should beenabled 
to unravel the mystery in which the connection between electricity 
and magnetifjm had hitherto been shrouded. Ne^r facts were 
sought for experimental])' which might serve as ind!*;piita!)le evi- 
dence of the identity of electricity and magnetism, or f rom which 
it might be proved thut both were merely modifications of the 
same fundamental force. Although the ol\}ect thus earnestly de* 
sired has not yet been attuned, the active spirit of inquiry that 
has been called forth has led to important and approximating 
oonelttsions. Ampire, who considered Oersted^s experiments 
from a point of view common to them all, selected the mutual re- 
lotion of electric currents to each other for the special subject of his 
investif^ntjons. He was led to the important discovery that, the 
electricities in a state of mntion, i. e., as electric currents, act attrac- 
tively and reputsively on each other accnrdinq to a certain law, in a 
manner resembling liie polar aiiraction 474.} of statical elec- 
tricity, Y.e., of electricity in a state of tension. 

By means of his discoveries a connection^ which might indeed 
have been inferred from Oer8ted*s experiments, was clearly shown 
to subsist between electricity and magnetism. Additional im- 
portance attaches to these discoveries, as Ampere deduced from 
them a highly ingenious theory, in which the phenomena of mag- 
netism were referred to electric currents, or in which, at least* 
thi; mutual influenn of electricity and magnetism admitted of an 
easy solution, and in which the various electro-dynamic pheno- 
mena were collected into a whole. 



§549. 

Ampire found that the mfluenee of electric currents on each 
other varied with their pontion and direction. The following is 
the fundamental law according to which these difierent influences 
aet:-^- 

1^ 905 a* Vara^h'l ctirrents attract 

each other when they 

* " )». '■"•^^^ j-yj same direction, as in 

jgH^..^ Jig. 205 a. where ab^ cd 

• II I I ■ I *4 currents, whose 
VOSm tlL , O 
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directions are indicated by the arrows. They repel when 
their directions cure oppoeitef as in 205 b. 

To perform the experi- 
Fiff. 205 b, ments by which the ac- 

i tioik .of electric currents 
on each other is illus- 
^ trated two diflferent pieces 
of apparatus are required, 
Tiz, one fixed conductor, and one whicli can be moved with 
great ease. T*he constructions adopted to effect this object 
are various ; the following are perhaps among the best : — 
1.) Dela Rive's Floating Current, fig. 206. — This is the 

simplest of all moveable conductors. 
It consists of a disc of cork a b, under 
which is fixed a small Wollaston's 
battery^ composed of a thin plate of 
copper ec (or better still, of platinum), 
with an amalgamated zinc plate z. The 
pole of the copper element is at + » that 
of the zinc at — . Small pieces of pla- 
tinum, soldered on to these metals an- 
swer best. They should be made to pass through the cork, 
and a fine piece of silver or copper wire + st — should be 
connected with them in some simple manner. Thb eleetrleel 
float is to be placed in a vessel containing a mixture of water 
and suphurio acid as the exciting fluid. An electric current 
will be generated in the direction from a to 1^ as shown by 
the arrow in the Jig, The second part of this apparatus will be 
the second electric current, to which the requisite stable po- 
sition is to be given, with respect to the floating one. A fine 
copper wire, coated over with silk, is to be carried eight or 
ten or more times, in the manner of a galvanometer, close 
together round a wooden frame about six inches long and 
three inches wide, as shown ia Jig. 207. ; from it the endS of 

the wires, from 1 foot to 1 j in lengthy 
JFtff, 207« are carried to some constant battery: 

a simple DanieU's, Grove's, or Bun- 
sen's battery is well suited for this 
purpose. This frame can easily be 
put in such a position that the cur- 
rent flowing through its longer side 
may be parallel with the current in 
the floa^ or in the same direction 
' with it, or in one opposite to it;^ when the respecti?e pheno- 
.jneaa will follow in each eiset 
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S.) Aiigt^B*$ Ehetrthd^namic Apjpmratui, — Fig, 208. tM'o 

stout copper wires ahcd, 
efgh^ stand on the board 
AB; as the fip;ure shows, 
they are bent twice iit 
right angles, and termi< 
nate at d and h in two 
mercury cups; theirmid- 
die parts will therefore 
be at right angles to each 
other. Ttiese two bent 
wires serve partly as fixed 
conductors of the electric 
current, but principally 
as supports of the cir- 
culating current. TKe 
moveable conductor Is 
bent in. the form of a 
double square ikln and ikqo; it is insulated at t and k by 
insertion in a piece of cork ; the ends at d and k are fur* 
nished with steel points; the battery js set in action by 
placing these points in the mercury cups d and This 
conductor is completely supported by the upper cup <f, and 
turns with perfect freedom upon its steel point. To render 
the motion as free as possible from friction, it is well that 
the bottom dT the cup on which the point rests, should be 
of glass or sgate, while the other point is but just immersed in 
the mercury in the cup h. To connect the whole of this 
apparatus with the hydro-electric battery, two little arms 
slide on the wire at a and carrying bindinj^-screws at th^ 
extremities. The apparatus may either be immediately con- 
nected with the poles of the battery at p and m, or a gyro- 
trope may be used to effect this object. 

Now if the current run in the direction indicated in the 
figure by the arrows, the part 09 of the moveable, conductor 
will be attracted by the part a 6 of the fixed conductor in 
which the current has a direction parallel to that of the 
' former, but it will be repelled by the part/e where the curw 
rent runs in an opposite direction. 

To perform another experiment which also depends on 
the above law of the attraction of currents flowing parallel to 
each other and in the same direction, we may make use of, 
3.) Rogtt's oscUlaling electrical spiraL — Fig. 209. A 
sptral -I- — , net coiled very closely, of thin copper wire, 
such that it noij easily be compressed or elongated, is hung 
vertically with its upper end' through the oonduetor which 

o 2 
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Fiff, 209. projects ftom one pole of the battery, while 
-¥ the point of its loirer eitremity 'just touches 
the surface q of some quicksilver which is 

connected with the other pole of the same 
battery. On establishing the connection the 
spiral vibrates longitudinally, because with 
every contraction of the coils composing the 
q helix, the connection is broken, the wci^^iit 
^ of the wire then causes Its l<iwer end again 

to sink into the mercury and the action of the battery is 
restored, 

§ 550, 

If eteetrical currents do not run parallel to each other, they 
display a tendency to move towards the same line and to the 
same direction on that line. This is shown in the following 

^ises — 

Let two rectilinear currents o b, cdtjig 210 ct. and h, form any 



Fig* 810 a. Fig. 210 h. 




Attroetkn Rtpuitim 

V 

angle whatever, then they rnvf^t either attract or repel each other, 
'jnie former will ensue if both c\n rents flow towards, or from the 
angular point as represented by the arrows in fff. 210 a. ; but if 
one current run towards the angle, and the other from it, as in ^g. 

210 ft. then they will repel. In 
Fig, 21 1 . both these cases the tendency above 

a e spoken of is seen in operation. 

If two rectilinear currents a ft, c tf. 
Jig, 211. cross each other, then by 
the precedin^f case they will attract 
each other between the vertical 
angles z and y, and repel between z 
and w. The result will be that both 
conductors will endeavour to take up 
a position In which the currents that 
flow through them may have a 
simile direction. 

To verify the eiMneet* 
■ess of this assertioo^ use the 
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floating current described in the preceding section and repre- 
sented in Jig. 206. and bring to it the fixed current /y. 207. 
to which such a direction is to be given that it may answer to 
the several eases given above. 

Itf however, the reader prefers unng Ampere's apparatus, 
bang in its cup the eonduetor ikln Oyfig. 2 1 2. and bring the ^ 
stable eonduetor so near to the under side of the rectangle k I 
that the direction of its current may make an angle with k I. 
The conductor represented in Jig. 207. will do, or that one 
of stout copper wire represented hy qrst u in Jigs. 212. and 
212 a. through which the stream takes its course in the 
direction pointed out by the arrows, this eonduetor being 
used as shown in both the figures to eonneet the battery and 
set it in action. 

Fig. 212. Fig. «12 a. 




Fig. 213. 



In fg. 21 2. A Z and < t will be attracted ; in fig. S12 a. they 
will be repelled. 

To test, by means of this 
apparatus, the influence which 
cross currents exert on eseh 
other» it will be neceoary to sus- 
pend the nioTeable eonduetor* 
fig, 213. in the mercury cup 
and to place under the lower part 
of its current k I either the con- 
ductor Jig. 207. or one of the 
conductors t s or r sjig, 212. in 
such a manner that the direc- 
tions of the two currents may 




erois each other. 



o S 



« 
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Fig. 814 a. Fig. S14 k 




In like manner if the circular conductor Jig. 214. be sus- 
pended in the cup it will acquire such a position tbftl the 
current flowing in the lower part of the ring may more in a 
direction equal and parallel to that of the current placed 
under it. 

In perCwrniing the last experiment a simple piece of ap- 
paratus may be used of which a sectional view is given in 
Jig. 215 a, and a horizontal one in Jig, 215 6. 

Fig, 215 a. Fig, 215 b. 



B 




In the wooden disc AB is a circular trough divided at 
two opposite ])()iiits hv the insulating partitions « and it is 
consequently divided into two semicircles. In the centre r 
nf the trough there stands an upright steel point, on which a 
copper needle c d runs, with an agate cup ; the ends of the 
needle which are of steel, are hent downwards so as to enter 
the mercury with which the trough is filled. Under this 
needle is a second e fj whose ends are also turned down to 
reach the mercury, and which can he moved round by the 
hand. The current runs from the binding-screw /; into one 
trough, thence through the two needles into the other, and 
returns from m to the battery. When the needles are in the 
position given in Jig, 215a, repulsion obtains; when their 
positbn if that represented in j^. 215 1, attraction ensues so 
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aoonas tbeangle^f <l i« dhninidied by turning round the wire 
e/ which conducts the current. 




§ 551. 

Two LMirrents following each other in the same direction, as 
also the difibrent parts of the same currLHit, repel each other. That 

this effect must necessarily 
Fig- 216. . arise follows from tlie phe- 

nomena explained iu the pre- 
ceding section ; .for so soon as 
theangle between the currents 
ah BxAed fig. 216, hecones 
^ ^Lm^fi very obtuse, 6 and cri pel just 

as if tt 6 and c d were in the 

same straight line. 

Expt. Ampere lias endeavoured to verify this par- 
ticular case expeiimentally by means of the a])])aratus 

represented in Jit/, 217. It 
Fiff. 217. consists of a long rectangular 

box ABf divided by a non-con- 
duedng partition ccflengthwise 
into two parallel cells. To 
render the insulation perfect it 
is advisable to wash these com- 
partments over with athick solution of shell-lac. Connect one 
. of them a u-ith the positive, and the other 6 wilh the negative 
pole of a common hattery ; place a copper wire covered over 
with siik e/ff Aon ihe mercury as a circulating conductor, tliis 
wire must be so bent that it may reach from one cell over intQ 
the other : its two horizontal arms will therefore run one in 
each of the cells parallel to the partition, the ends of these 
armsare slightly bent downwards, and thus the battery is set 
^inat*tion. At the moment when the circuit is completGvl, the 
floating conductor may he seen to move forward on the suf- 
fice of the quicksilver from the poles a and 6* 




i . § 552. 

If tw^ fixed currents of equal intensities flow close together 
and parallel to each other but in opposite directions, as in Jig. 
818 A. then their combined influence on a current moving freely 

is nil, that is, they exactly neutralize each olher. The same hap- 
pens when one current circulates round the other in tlie manner 
represented in ^y. 218. B. 

o 4 
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Fig. 218. 
A B 




Expt. The truth of the preceding remarks may 
be tested by sending a current along copper wires, 
bent in the form shown in Jig. 218. A and 
taking care in bending the wire that no two 
}>art8 of it sball touch ; then send a current 
through a moreable conductor, and plaee the 
two so that one or other of the above-named 
actions may he exerted on the free current. It 
will be seen timt the action of the latter con- 
tinues unaltered. 



§ 553. 



If a moveable electric current, a, h {Jig. 219 a. and 6.), flow 
in a direction at right angles to another which is fixed w e, then 

Fig, 219 a. 




the latter will aet attraetiTely on one side of a & (by § 550l)» 

. nd repulsively on the other. If the current, a b flow from w c, 
in %. 219 a., then its force will be exerted from w and e on 
the point n of the moveable conductor, as shown by the arrows 
nx and ny. These forces will give »r as their resultant, ^vhence 
the current ab will manifest a tendency to move in the direction 
of the fixed current If, on the other hand, the moveable cui rent» 
ab flow towards the fixed one ure, as in Jig, 219 b, then the 




resultant nr will liave an opposite direction, and the free current 
ab wiU shuw a tendency to move in a direction opposite to that 
of the stable current 



Digitized by Google 



ROTATOET XOTIOX OF BLSCTUC CtJAKEKTS. SOI 



On this law of attraction and repulsion the rot?itory motion of 
such currunts about each other depends. For instance, if the 
current w^e (Jig* 220 a.) be a horizontal circular current, then 



Fi^ 920 b. 



the free current a 6, which flows out from it, will revolve in tiie 
same direction with we; but if da flow towards «d e, as in 
Jig, 280 A. then the direction of its current will be opposite to 
that of we. Again, if a 6 (fy. 221,), be a rectilinear eunent» 





capable o. revolving about the centre of the circular current, 
ts w n, then its rotation will be in the direction of the circular 
current, when the current a h runs from the circumference towards 
the centre, as it does in fg, 221. A ; but if it be transmitted from 
the centre towards the circumference, as a 6 (Jig. 221. B), then it 
will revolve in a direction opposite to that of the circular current. 

In like manner, but in a lower 
degree, there will be a rotation of 
the current, a h {Jig. 222.), if a 
rectilinear ciirrcut E. W., be trans- 
mitted near to it. a b will in tliis case 
run, as is indicated b^ the arrows, in a 
direction parallel and similar to E.W., 
the currents will therefore attract each 
other, and h will be carried to V, on 
arriving at this point, a ^ is repeUed 
by E.N. and is attracted by N. W. ; the 
free conductor (/ b' will consequently 
move on to Uf' j when it has reached 
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thlf point, repaUion ensues fietween the parallel and eontrarj 
euneDts V a and E. W. ; on arriTing at W it is again attracted by* 
£.N.,and thus the current a 6 is maintained in a constant state ot 
rotation. Ifthestableunlimited current £.W. run from £. to 

and the free current be to the N. of the other, then, as the curved 
arrow in firj. 222. shows, it will turn about a in the direction from 
the £. through the & to the W. and so on, like the hands of a 
watch. 

There is a great variety in the apparatus which has been 
constructed to give thia rotatory movement to a moveable 
conductor by means of an unlimited rectilinear or circular 
current : ve shall now proceed to describe only a few of the 
best and simplest specimens. 

First Exft, Rototion of a vwHcdl current about a hoviximUU 
areukar twrrmd, — Fig, 223. represents Pineau*s simple appa*. 



ratus. It consists of an amalgamated zinc cylinder Z Z, on 
which is soldered a stem Z C of copper wire, carrying on its 
summit a small mercury cup C. The base of the cup should 
be of agate to diminish friction ; on it rests a thin copper 
wire kabki supported by a steel point p, this frame carries 
a copper zone. The sine cylinder with th'is rotating con- 
ductor is placed in a glass of water and sulphuric acid. 
The whole, tlms arranj^ed, constitutes a simple hydro-electric 
battery, in which the current is transmitted from the zinc 
cylinder through the liquid conductor to the rintij of copper, 
thence to the two arms of the bent copper name, as shown 
by the arrows, and passing through the steel point p, it 
returns again into the zinc cylinder. 

Now lay on the upper edge of the glass the coil M, which is 
made to fit it exactly; join its ends ( + — ) with the poles of 
a constant battery, and the current which ascends vertically 
will revolve in the same direction as the current that passes 
through the coils of wire. 

Siil>stitiit(? a copper cylinder for the zinc one Z, aiul an 
amalgamated zinc ring fur the copper one ; the current will 



Fig, 22S. 
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flow down the arms ak^hk, and the direction in which the 
apparatus revolves will be reversed. 

Second Expt. Rotation of a moveable horizontal eurraU «&oiit 
lAe cenirt of a eireular emrent ^ The apparatus described in 
the preceding experiment will do to perform this also ; the 
only alteration required' will be to give the zinc or copper 
cylinder but a very short eon ducting-wire, so thdt the current 
may radiate bnrizontiilly ciiher from or to the coil of wire; 
this is shown Ijv tlie arrows in Ji(/.2'2^. N; the direction in 
which the rotation will happen depends on whether the 
current flows from or to the coil. 

If it is wished to excite in the moveable conductor a more 
powerful and lasting current than the simple battery we 
have just described is capable of generating, then combine 
the apparatus on the principle of a Damell's or a Grove's 
constant battery, by separating the electro-motive metals by 
means of a porous earthenware cell, which should be inserted 
in the glass vessel, and then add the appropriate liquids to 
act upon tlie metals. 

Third Expt, Rotntian of the Jluul conductor ahoui a cir- 
cular current, — Tiic iiuid conductor may be made to take 
the place of the solid, t. e., if we have no metallic conductor 
such as was described in the preceding experiments, then 
the liquid itself will begin to revolve. The same apparatus 
will do in this ca:.e also, only subi^tituting for the moveable 
copper ring (Ji^. t223.) an open cylinder of the same metal, 
which fits into the glass ve«-»;el. I ill it \v\\h anv suitable 
fluid (a mixture of liquid s;il .mnnonia and muriatic acid is 
what Fechner rccommiMi(K ; ami lo increase still more the 
intensity of the current, a solution of sal ammonia may be 
allowed to dry on the copper cylinder) and the current will 
pass from th» ainc cylinder to the copper ring, t. e., it will 
radiate from the centre to the circumference. Now surround 
the glass with the coil of wire M, whose ends are to be con- 
nected with the poles of a simple battery ; on connecting the 
battery the fluid will revolve agrreeably to the laws with 
which we are already ac(iuainted. Its rotation will be still 
more evidently shown by placing small flcMiting bodies on 
the surface of the liquid. 

JFourth Expt. Rotation of a horizontal current by the action 
of a eumiU of unHmUod kngtK — This phenomenon is ob- 
servable on bringing any rectilinear conductor, e.^., one 
side of tlie galvanometer frame {fig, SC7.) to the horiaontal 
current of the second experiment. 

Fifth Expt. Rotation of a circular current hy the action o f 
a TftfUant horizontal current. — This is Savarl's interesting 
inversion of the second experiment, in which the circular 
current of the multiplying coil is entirely dispensed with. 
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Fiff. 224. represents the apparatus : c c is a cyliodrical vessel 
of copper or brasa» whose bottom k coated over with some 

varnish to Insulate it, and whieh 

stands in a cavity turned in the 
wooden stand A B. In the cen- 
tre r of this board stands a ver- 
tical copper stem, furnished at 
top with a quicksilver cup q; 
from r goes a strip of copper let 
into the wood and terminating 
at/» in a binding-screw ; on the 
outer side of the copper Tessel 
there is also a similar binding- 
serew ai. The moveable con- 
ductor consists of a fine strip of 
copper ab d Ct open between a c, 
where it is joined by inserting 
some bad conductor, such as a 
piece of horn. The strip n, likewise in the copper frame- 
work /sm, consists of some bad conductor ; the ring turns 
about the axis 9 r on the point t , which works in the cup q. 
To set the apparatus in action pour sulphurio add and 
water as the conidueti^g medium, into the cylindrical vesw!* 
connect the screws p and m with the poles of a simple con- 
stant battery. Now, when the current is generated at />, as 
indicated by the arrows in the ^fig.j it ascends the column 
r 9, descends the leg / of the frame, and runs round the 
copper band in the direction from a to to rf to c. But 
streams are emitted from all points of the band, as ax, c y, 
in a radiating direction, through the fluid eonduetor to tiite 
eireumference of the brass. These partial currents in the 
fluid may be considered aa stable with r^^rd to the move- 
able copper ring, which in this case will rotate in the direc- 
tion aid Of like the band of a watch. To give to it the 
opposite course, the arm / of the frame must be fiutened at 
c to the rim of copper^ as shown in tbe^. it* 



§ 554. 

If we concave of a wire being coiled round as a helix, see 

Jtjf. 225,, and that within this spiral the wire is carried back 
again in a right line» we shall have to distinguish a threefold 

direction as taken by the clec- 



Fisf. 225. 




trie current which traverses ir. 
For instance, if the current 
enter at a, it will turn re- 
peatedly in a circular maoner 
about the right line cb, as it 
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ndvances from a to b; on arriving at h it returTT^ insifle the spiral 
troul h to c along tlie straight part of the coiuluc rin>i; wire. The 
effect of the current in the direction iroui n to 6 wiil necessarily 
be compensated by its return from ^ to c (see this case more at 
length in § 552.)* so that only that eflfect will remain wbieh it 
acquires in revolving about eh» A linear series of sueh circular 
currents, which may be considered as being at right angles to 
the axis c 6 of the spiral conductor, is called an electro- dynamical 
screw, an €keiro»djfnamietd eyUnder^ or^ according to Ampere, a 
soUnoid. 

For brevity's sake, as well as for the other applications of 
these spirals, by the end S. wili always be meant the !South 
Pole, when the circular current runs from left to right or in 
the same direction as the hand of a clock ; and the other N., 
In w|iich the circular current flows in the opposite way, t,e., 
from right to left, will stand for the NorUi Pole. 
If a solenoid more freely ip a horizontal plane, and a recti- 
linear ciirrerit he transmitted either above or below it in the 
direction of its a\is, then, by § 550. it will take such a position 
that those portions of its own hori/ontal current which are 
nearest to the rectilinear one, may take tlie same direction as the 
latter. Accordingly, if the solenoid be so placed that its axis S.N. 
lies in the magnetic meridian, it will be seen that if a reetiliDear 
conductor be put into those different positions above or below it, 
into which it mi^t be set with regard to the polar direction of 
a variation needle, the deflections will answer exactly to those of 
a magnetic needle thus acted on. (See § 546. ) 

First Expt. Hang the ^^olcTioid //?. 2'2G. in an Ampere's 
frame and conduct a current throu^^h it, whilst either the 

same current or another tra- 
verses the rectilinear conductor 
E W placed beneath it ; then 
whatever the position of the 
latter, the axis S. N. of the 
former will always be at right 
8|^ ^ | ^^^|^jp | ^| [|||| ^^ angles to E.W.; $o that the ho- 

^ a^ ^iy ri^ontal currents in the lower 

' part of Sl N. flow in the same 
direction as the current in E.W. 

Second Expt, C oiuicct the small electro-dynamic spiral 
Jig. 227. with a De la Rive's float, and set it on some 

strongly acidulated liquid; conduct a 
current above it in the direction of Its 
axis, and the spiral will revolve so as to 
take with regard to the rectilinear cur- 
rent the position laid down in the law. 
To render stiU more intelligible what 
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has been said in the preceding paragraphs, as indeed what 

will be advanced in the next 
SS8. Chapter too, the student may per* 

^^'^ usefiil to mark on tiro 
\^ wooden cylinders the direction of 
the circular currents, as it is done 
^ infy. 228* by the arrows. 




C. Influence of Magnets on Electric Currents^ 

§ 355, 

As an electric current deflects the needle ftom its polar posi- 
tion, so does a niagnet deflect a moveable conductor through 
which a current flows. If we imagine the magnet to be fixed 
and the current rotatory and situated between the niagnet and 
the observer, it will always take with respect to the axis of the 
magnet such a rectangular position that its north pole wili lie to the 
left of the line expressing the direction of the current, 

Tlie tlHi'erent positions which the direction of the current 
can occupy with respect to the axis of tiie magnet, uie tlie fol- 
lowing : — 

1. ) If the current go from north to south, or inyersely hdom 
the axis of the magnet, then in either case it will so place itself 

as to flow from E. to W, 

2. ) But, if the current flow from S. to N,, or inversely above 
the avis of tlie magnet, the direction of the current will always 
be from W. to E. 

S. ) Tf a current flow from E. to W. under a bar magnet lying 
in tlie magnetic meridian, its position will not be altered by the 
magnet ; but if it flow from W. to E. it will be turned round 
by the magnet, so as to come into .the direction from £, to W. 
The converse phenomena obtain if the current be transmitted 
atom the magnet. 

First EjcpL To exhibit tlie motions of a current flowing 
under a bar magnet the simplest way is to use the floating 
current represented In fig. 1?06*., and ])!ace over it a power- 
ful bar- magnet, or one leg of a horse-sboe magnet, in the 
various positions named above. 

Second ExpL To generate the movements in a current 
situated above a bar magnet, it will be best to suspend the 
conductor in an Ampere's frame, 2Id,» and then to place 
the magnet under it 
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§556. 

The very same efttcts are obtained if a solenoid l)e used instead 
of a bar mj»gnet : hence it appears that the moveable current 
aiwu^s takes that position in which its direction is the same as 
that of the eireuljir eumDt ia the spiral wlu«b Is turned to- 
wards it. 

Bring a magnet near to a moveable electro-dynamie spin], and 
the latter will be acted on just like a declination needle ; for the 
magnet will attract unlike poles of the spiral, and repel like 
poles. 

Expt This may be verified either by bringing the poles 
of a in.-ignet near to the Hoating solenoid, Jiff, 227. or to a 
solenoid suspended in Ampere's iruuie. 

The wooden cylinders descfibed at the end of § 554. will 
asnst the reader to comprehend the above remarks more 
easily. 

§ 557. 

' Ampere, reasoning from the phenomena of the mutual action 
of magnets and of electric currents, has framed hu important 
hypothesis to which we referred very briefly in § .548. It is this* 
that every ^etro-dynamic spiral may be regarded as a maynet, arid 

ever?/ mat/net in (he erertion o f its injlnence resevihhs swr/i a spiral j 
i, e.. It is lil'e n hodif about whose axis electrical cmrejits turn in 
planea perptndicuiar io the axisj or at least in planes very nearly 
perpendicular to ii, and that on these electric curretds all the so called 
magnetic influeneea depend. 

If a magnet be placed in its polar position, t e., with its north 
pole towards the N., and its south pole towards the S., these 
currents must necessarily go on the upper side from W. to 
downwards on the eastern side* on the under side from £. to W., 
and upwards on the western side ; in fine, the currents round 
magnets mu*^t be assumed to be opposite to the apparent daily 
path of the sun round the earth, if the action of electric cm rents 
on them is to answer to the law which regulates the action of the 
latter on each other. 

According to this hypothesis, all the mutual action (^magnefa 
and electric currents (Oersted's fundamental experiments, § 546« 
and the phenomena described in the preceding sections) are expli- 
cable, according to Ampere's law of the influence of electric 
currents on each other (§§ 549. — 55:3.) ; in like manner we can 
satisfactorily explain why the similar poles of two contiguous 
magnets should repel each other, and why dissimilar should 
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ftttraet Let the two circles, jig. 289. A, represent the south 
poles of two contiguous magnets, and it is clear that the electric 
currents, which are supposed to exist in the magnets* flow in 
contrary directions at the sides where the poles are next each other, 
they therefore are repulsive, § 549. But if a north pole be next 
to a south pole, as in Jig. 229, B, then it is obvious that at the 
contiguous poles the currents flow in the same direction, and 
that they consequently attract each other. 

This is seen if the poles of two mag* 
Fig, 289. nets, or, better still, if the ends of the 
^ wooden cylinders already mentioned, be 

— placed together, 
iv ^ mv * J ^® must remark that in the ex plana* 
^y^^ tion just given, whatever the body we 
* ir-^ consider as a mag^net, the result of its 
iff^ ^\ if action can only be exerted externally. 

K ' j\ LI ^ j\ Since, however, every magnet shows a 

similar energy, even in its smallest par- 
tide^ and as every portion of it is a 
bipolar magnet (§ 4S7.), it has been further assumed that, 
even the minutest particles of such a body are equally sur- 
rounded by an electric current, which completely encircling 
it returns into itself. According to this theory, we may 
imagine a transverse vertical section of a magnet to be 

represented in fig. 230. The elementary 
Fig. 230. currents of each magnetic molecule, as 
represented in the small circles contained 
^"~vfv the section, will form one circle, which 

equally embraces tfie outer suHhce, and 
fiict, the resultant of all the forces; 
combined action may therefore be 
considered as a system of parallel cur- 
rents such as is represented in fig. 228. 
This extremely ingenious theory, which 
accounts in so easy a manner for all magnetic and electro- 
magnetic phenomena, is not, after all, quite free from objec- 
tion* as the permanence of electrical currents in magnets, 
whidi is a postulate required by the theory, is not recon- 
cilable with the general relations of conductors of elec- 
tricity, to which class of substances those metals belong 
which are capable of being magnetized : and again, we are 
acquainted with no instance of the independent permanence 
of these currents apart from electro-motive influence. Hence 
many philosophers reject this theory as to the nature of 
magnetism, especially as there are so many phenomena 
which seem to favour the existence of separate magnetic 
fluids, and which therefore admit of no satisfiu;tory sdution 
aoQordtng to this recent hypothesis. 
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§ 558. 



We know, by § 553. under what eireutnatanees a finite mobile 
conductor will be put into a state of progressive or rotary 
motion, by the action of a stable and unlimited current, or of a 
circular current, upon it. Since now, by Ampere's theory every 
magnet is a body surrounded by electric currents, it follows, if 
his hypothesis be correct, that similar movements will ensue from 
the mutual action uf electric currents and magnets un each other, 
and In feet under the dreumstanoes named above, the eorre« 
apondinj; movements do take plaoe^ both when a moveable con- 
ductor 18 acted on by a fixed magnet, and when a moveable 
magnet is acted on by the eurrent which passes through a fixed 
conductor. 

Out of a great number of experiments of this class, we shall 
select only a few of the most interesting, from which it will be 
seen how far Ampere's hypothesis supplies a comj^lete and satis- 
factory explanation of all the different electro-magnetic pheno- 



Firsi Expt AHraeHne and repulsive inftmmce of a magjiei 
on a eondudor moving firedy, According to Ampdre's 
theory, a rectilinear conductor will be attracted by a magnet 
if the current flow in the same direction as the hypothetical 
current in that side of the magnet which is nearest to it ; 
but repulsion ensues if the moveable current have the 
opposite direction. 

If the moveable conductor be circular, it will be attracted 
by the pole of the magnet, which is made to approach it, if 
the eurrent supposed to exist in the latter move in the same 
direction ; but if it move in the contrary durectton, h will be 
repelled. 

De la Rive*s floating currents are best adapted to verify 

this. — Bring the N. pole of a magnet near the current § tf 

fig. 206. when this flows from left to right, so that the cur- 
rent may jiass over it, and it \\\\\ ilow towar(ls the S. pole 
of the magnet; if the S. pole be presented to it in like 
manner, the current will be repelled. — These movements 
will be exactly reversed if the magnet be held over the con- 



xnena. 




Fig, 231 a. 



Fig. 231 6. 



duetor so that the 
current may inter- 
sect the magnetic 
axis at right angles. 



Connect the cir- 
cular conductor, fig. 
231. with the hydro- 
electric floay fig. 
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206. and if the position and course of the currents be 
as is represented iu the diagram, it will be attracted in 
the same roanner as the re^ilinear coiidiielor» when the 
N. pole of the magnet ia presented to it. and it will he repelled 
when tb» 8. pole is brought near. 

Semnid Expt. Faraday s Rotatory Apparatus Jbr a verticeU 
current about the pole of a fixed magnet^ and for the pole of a 
mofput about a JUtd vertical current. — Fig. 232. gives a 

vertical section of this 
jFiff. 232. apparatus, A ^sufficiently 

stout copper wire d f is 
listened on tiie upright * 
column of wood ff» From 
the end ff wlMi tenni- 
nates in a hook, there 
hangs a fine platinum 
wire, whose lower end 
reaches tlie trougli b of 
mercury ; this wire is sus- 
pended by a noose, so 
that it has perfectly free motion ; the platinum wire e, on 
the contrary, is soldered to d, and descends verticaHy to the 
wooden cup a of mercury. In the centre of the T^sel h ia 
the Tertical bar-magnet «, a magnetised sewing-needle will 
answer the purpose, ftstened into a copper tube, which goes 
through the bottom of the vessel. A small glass bead p is 
fixed to the end of the wire h, that it may not conic in con- 
tact with the magnet. At the bottom of the cup a is a 
magnetized sewing-needle m, attached by a Hue thread of 
platinum, but still with room to play ; by Oicans of a small 
spiral of platinum wire, which can be pushed on to it, this 
needle may be made to swim TerticaUy in the mercury. 
Hie apparatus is connected with the poles of a constant 
battery by the binding-screws c and z» from which copper 
wires run so as tO connect them with the two cups a and b. 
When the battery is thus set in action, the current circulates 
through the conductors as represented in the Jiff, by the 
arrows, and the north poles of both the magnets are turned 
upwards; the moveable conductor A therefore revolves about 
the pole n of that magnet in the same direction as the hands 
of a watch, whilst the pole of the magnet m turns in a oon- 

trary direction around tiie fixed conductor e Reverse the 

direction of the current, or place the S. poles of the magnets 
uppermost instead of their N. poles, and the rotations will 
be inverted also. 

Third Expt, Jiutation of a magnet about its own axis. — 
Fiff* 233. represents a simple apparatus by which to perform 



Digitized by Google 




MAGNET R0TAT114G ABOUT ITS OWN AXM. 



•J 11 



this experimeat. It connsto of a glass tube a 6 about three 
inches loog and one inch wide. Its lower end is closed with 



Fig. 2S3. 



Fiq, ^SSb, 






a cork, through which an iron wire passes^ projecting 

slightly beyond the cork, and terminating in the point e. 
Tlie lower end of this wire is soldered into a copper plate 
wtiich is connected with the binding-screw In tlie upj)er 
end of the tube is inserted a copper rini^ 6 ri, which is con- 
nected from d externally with the other binding- screw. 1 iic 
glass tube is then filled with mercury up to the ring, and 
the Utile bar-magnet » fit rounded off at both ends, is im- 
inened in it till it -touches the iron pin e. One half of the 
magnet will therefore rise above the level of the mercury, in 
which, as it touches the iron at a single point, it will have a 
perfectly free motion around its o'.vn axis. Next connect 
the binding-screws with the poles o!t a powerful constant 
battery, and the magnet will hef2;in to turn about its axis. — 
If the current proceed, as it is represented in the llgure,. 
from tlie copper ring 6 to the magnet, its rotation will 
follow in the direetton of the electric currents which surround 
it. Reverse the direction of the current, so that it may pro* 
ceed from the magnet to the copper ring, and the magnet 
will turn in the contrary direction to the currents which en- 
circle it. From An)})ere's law about the action of electric 
currents on caeli either (§ .";'^5. ), we slioiild liave inferred 
tiiat tlu se must be the directions takeu. ^e^also Jiys, 2Sii 
a. and b. 

Fourth Expt. Schweigger a rotatory apparatus, in uwch 
horizontal currents sent through the pole of a magntt impart la 
a a eireuUtr motion. ^ In Jig. 234. ^ A is a section of a 

wooden plane in which a" 



Fig. 234. 
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circular trough 1 1 h cut to 
contain quicksilver. ITirough 
the centre of the plate the 
copper wire f/'pn«;^cs, tlie ex- 
triMuity of which is furnished 
with a steel point. On this, 
point a copper ueedJe n t£ 
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rests, its length is about four inches, and in the middle it is 
furnished with a cap v : one end of the needle, which is of 
platinum, is so bent as to be immersed in tlie mercury ; as 
a counterpoise, a little weight n is attached to'tiie other end 
uf the needle. Connect the screw c, which communicatee 
with the mercury, with the positive pole of a constsnt bat- 
tery, and the screw which commumca^ with the copper 
wire Wf with its negative pole ; on establishing contact, the 
current will flow from a to r through the needle. Slip a 
bar magnet S. N. under the plate above which the moveable 
conductor turns, and if S. be the magnet's south polo, ?i a 
will turn from E. through S. to W, and X. Place the r.orth 
pole of the magnet under tlie conihictor, and its dircLtion 
wili be reversed ; i. e., an opposite direction will be imparted 
to the current* 

Two needles which are traversed in an opposite direction 
by a current, if acted on by the same pole of a magnet, re- 
volve in contrary directions. Fig. 235. is an apparatus for 

showing this : a 6 is a section 
JFiff, 235* of a circular plate of wood, 

havino a hole drilled through 
the middle, in orikr to thrust 
the pole of a magnet through. 
Concentric with this hole are 
two grooves, intended to hold 
mercury^ or some acidulated 
fluid. Two light copper 
needles are balanced, in the same manner as has been de- 
described in the preceding experiment, above the centre of 
these grooves on the steel point of the copper wire a h r <l e f. 
The ends of these needles are capped with platinum points, 
which are immersed in the fluids contained in tiic grooves. 
Now connect the two screws k and z with the poles of a 
hydro-ele<;tric battery ; if the current enter at A, it will tra- 
verse the whole length of the wires in the direction shown 
by the arrows. Compare this direction with that in which 
the hypothetical current is supposed to go round the S. pole 
of the magnet, and it will readily be seen from the law so 
repeatedly referred to, in what way each of the needles must 
turn, and that they wili revolve in exactly opposite direc- 
tions. — A change in the direction of the current, or a sub- 
stitution of the north pole of the magnet for the south, will 
reverse the rotation of the needles. 

Fifth Expt, Amphe*8 appartUua to effect the rotoHon of the 
dedromotors of a timfit hydiro^eirie littery about the axis of 
a magneto — On the two poles of a horse-shoe magnet, 
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Fig. 236. 




fy, 236., place two cylindrical copper vessels. Place the 

steel point of an amalgamated 
ane ring (likft that given on a 
larger scale in fy, SSfS. N.), on 
whwh it loldered a light copper 
handle into the cup «, which is 
connected with the copper bucket. 
Into this bucket pour a mixture 
of 1 part sulphuric acitl to 4 or (> 
of water, and the current will 
pass in this simple battery from 
the copper cylinder to the zinc 
ring ; for it will run from its point 
of rotation ^ in the horiaontal 
part of the copper handle which 
acts as a conductor) eccentrically 
to d and h ; thence it descends in 
the parts of the conductor parallel 
to the axis, whence it returns from the zinc ring through 
the conducting fluid to the copper, whilst the currents which 
circulate about the poles of the magnet, flow horizontally. 
The moveable conductor revolves, therefore, about the N. 
pole from £. through N. to W. ; that about tiie S. pole from 
W. through N* to £• They, therelbre, turn in directions 
opposite to each other and to the currents of the magnet. 

Instead of the copper vessel use a similar one of sine and 
for the moveable zinc ring substitute one of copper, one of 
thin platinum will do better still, and the current will ascend 
those parts of the conductor, or handle of the bucket, which 
are parallel to the axis of the magnet and the rotation will 
take place in the same direction as that in which the cur. 
rents flow around Hie magnet 

If the eylindrical veaseb be large enough when laid on the 
pole of the magnet to move freely round it, and if they also 
are ma^e to rest on the poles upon steel points, they will 
revolve too, that is, if the magnet be a suflSciently powerful 
one; and for reasons with which we are already well ac- 
quainted, their rotation will be contrary to that of the rings. 

Sixth Expt. Barlow^s rotating wheel between the poles 
of a horse-shoe magnet, A light wheel of thin copper 

notched like a star, runs on 
an axis terminating in points 
which rests in the sockets of 
a fork a( of copper wire^ the 
wheel may be about 3 or S J 
inches in diameter* Under the 
wheel is a groove q in the 
p 3 
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board W. £^ into which so much quicksilTer is to be poured 
that th« pmnti of the wheel may just touch it : e and c are 
binding-screws, the former connected with the forked conduc- 
tor and the latter with tiie mercury. Connect the apparatus 

with the poles of a powerful constant battery, the current 
will be carried through the wheel which will begin to revolve 
5s soon as the poles of a large horse-shoe magnet are placed 
near it in either a horizontal or a vertical position, so that the 
wheel shall stand between the arms of the magnet. The di- 
rection in which the wheel turns depends, according to the 
law already referred to so often, on whether the current in 
running from the centre of the wheel to its circumference, or 
conversely, follows the directioQ. of the currents that en- 
circle the pole of the magnet, or not. If the wheel stand, as 
is assumed in /ip. 237., E. and W. the arras of the magnet 
will have the same position too, and the N. pole of the mag- 
net will lie N. of the wheel, and the S. pole S. ; if the current 
enter at c, it will advance, as the arrow shows, along the fork, 
to the wheel, ftom the centrei of which it passes to tiie mer- 
cury, and from the direction of the magnetic currents it is 
clear, that with this arriuigement of the apparatus, the wheel 
will turn in the same way as the hand of a clock. We may 
easily determine in what direction the wheel will revolve if 
the direction of the current, or the position of the poles of 
the magnet, be reversed ; it will much facilitate the cal- 
culation if the direction of the current be marked on the 
poles of the magnet, or if a wooden model of a magnet be 
constructed, and the hypothetical currents are marked upon 
it, ih the sam*e manner as on the wooden cylinders described 
in § 554. and represented in Jfy. SS8. 

Seventh Expt. Rotation of lAe fluid eon Ju dor of a smr* 
pic battery eimU the poles of a magnet, — The fluid con- 
ductor of a simple battery may be made to circulate by 
either pole of a magnet, in the same manner as by a circular 
current (see Third Expt.^ § 553.). Fig. 2l]8. represents 
15? Q<*a Fechner's apparatus by which to per- 

^* * ibrm this experiment, A being a ver- 
tical section and B a bird's eye view of 
it. czz c is a circular copper vessel, 
over its inner cylinder whi^ fits on 
the pole of a horse-shoe magnet, is 
pushed a ring of amalgamated zinc z z. 
Pour into the vessel a mixture of 
aqueous sal ammunia and acid : the po- 
sitive electricity will be discharged 
from the zinc ring through the fluid to 
the copper, as is shown by the arrows 
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in B ; and if the vessel be fitted on the pole of a lione-thoo 
magnet, the fluid will revolye in the same direetion as the 
faypo^ietical etinents in the pole of the magnet 

Eighth ExpU Balttium of a thermO'Adrk eurrtnt fct- 
tmttH the pdeM of a magnet. — A thermo-electric current 
moveable about a vertical axis, if subjected to the influence 
of the two poles of a horse -shoe magnet, obeys precisely the 
same laws as a hydro-electric current in its rotation ; an ad- 
ditional proof this of the identity of electricity obtained fron\ 
various sources. 

Cununing and Manb> in verifying the aocuracy of this 
assertion, usied the Ibll6wing simple thermo-eleetric hattery : 
— Two thermo-batteries of a square form, and crossing eaoh 
other at right angles formed a moveable conductor ; the-bat- 
teries consisted of a combination of platinum and silver wires ; 

Jig. 2S9. represents this thermo-electric 
Fig, 239, cross. In each of the rectangles one half 
if abed and ef g h is of platinum, and the 

other half hik,dlmnoi silver. The ends 
of the wires are soldered at a, 6, k, n, into a 
ring of silver wire ; in their upper point 
of inteffsection li is a fine steel wire which 
rests on the agate cup o, at the top of the 
upright stem op; the whole apparatus can 
therefore be made to turn with the great- 
est ease about the vertical axisrfp. About 
2 inches below the ring stands a small cup 
/), containing a little cotton and spirit of 
wine. The battery thus arranged is to 
be set between the poles of a powerfiil 
horse-shoe magnet, so that the vertical 
part of the wires shall be about ^ of an inch from the mag- 
net Xjight the spirit, and when the junctions of hetero* 
geneous metals at a and e become heated, the electric 
current will run through the two batteries in the direction 
indicated by the" arrows in the Jig.<, and the poles of the 
magnet acting on it will cause it to revolve. Tn the position 
of the poles depicted in the diagram, the thermo-electric 
current will pass from left to right, i. e., firom E. through <S. 
to W. 



§ 559. 

The influence of electrical currents on each other, and the 
reciprocal action of such currents and magnets on each other, 
varies with their distances. Biot, Savart, and Schmidt found 

» 4 
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experimentally, that ike inftumee of a eomdndor on a magneHe 
needU dimimshei in the iweree ratio of Ifte ttitUmce^ and Laplaee ' 
proved mathematically that <fte feree anewernuf to eetcft parHeMjar 
poifd of^ eurratlt ie imoenehf as the square of it$ distance from ' 
the magnet. Now, as in the mutual action of magnets and elec- 
trical currents on each other, and in that of currents upon 
currents, we have invariably found action and ru-action to he 
equal and opposite in all the cases that have as yet come uiidtr 
our notice, we may therefore infer that the law holds good in all 
cases of the mutual action of these forces ; it will be readily seen 
that this IB the same law as that by which the ra^ant action of 
the magnetic and electric forces is regulated. (§§ 440. and 475.^ 
Bid and Savart aseertabed the influence of an electrie 
conductor on a magnetic needle to be what is stated . above, 
by allowing it to act on the needle n.t rliffercnt di<;tnrices, and 
so causing^ it to oscillate. From the nurn])rr of oscillations 
made in equal times they deduced the resuh just as in the 
oscillations of a penduluiu, and in the determining of the 
intensity of magnetic forces. 

D« /iQiStfeMce of TerreMal Magnetim on Electrie CurrttUe* 

§ 560* 

As wu have already sliuwn that electric currents exert a direct- 
ing influence on magnets having free motion^ and that magnets 
eiert a corresponding influence on electric currents having free 
motion, it was natund to expect that terrestrial magnetism would 
operate similarly on electric currents. This has actually been 
proved to be the case, and so far as observation has yet shown, 
the influence of this foree may according to Eisenlohr be 
expressed in general terms thus : — Terrestrial magnetism acts on 
electric curvents jttst as if the entire globe were encircled with electric 
currents from E.to U\ in, lines parallel to the tquaior^ the resultant of 
all these currents being represented hy the one current in the magnetic 
equator. 

The causes have not yet been exactly proved which generate the 

current whose existence is thus assumed, the direction in which 
it is supposed to flow is the same as that in which the sun appears 

to move round the earth, and In which the progressive warming 
of the earth's surface takes ]>lnct'. Since now it has been proved 
that electrical currents generated by heat, exert precisely the 
same influence on maijnetizcd needles as those causeil hy \ ohaism, 
it has been inferred that the thermal action ui the sun xs the gen- 
erating and maintunhig cause of these currents, (Compare § 
53S.> 
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§ 561. 

A rectangular conductor turning freely nhoiit n vertical axis will 
always stand perpendicularly to the magnetic meridifui if acted 
on solely by the earth's magnetism; in this position ut the rect- 
angle tlic current in its under surface will Aow from E. to W., 
t, e.» in the aame direction as the current (^terrestrial magnetism 
is supposed to flow in ; this will be seen to agree with the action 
of eleetrieal currents on each other as described in §§ 549. 
and 550. 

Erpf. A floating conductor bent in the shape of fg, 
231 fi. nnd h. will take tlie position E. and W. if the cur- 
rent excited by the riuld in which its single battery is 
immersed, be sufficiently powerful to turn round the floating 
disc of cork. 

This position of a moveable eondnetor is obtained with 
greatest certainty if a rectangular conductor like fg, 214 o« 
or a circular one like fy, 214 be suspended in an 
Ampere's frame, J^. S08.» and a powerful current is con* 

ducted through it. 

If on the contrary, the form of a double reetan?rlc ])e pvcn 
to such a conductor as Jig. 213. so that the current must 
move alon^ it in the direction shown by the arrows, then it 
will not be made to turn in any position by the force of 
terrestrial . magnetism, for the forces neutralize each other 
both vertically and horizontally ; care \tiust of course be 
taken that the wire is insuleted at X,' where it crosses. This 
atiaHc cottduetoTf as it is called, which is one of Ampere's in* 
ventions, very much resembles an astatic needle (§ 538.), 
and is of essential use in the expenments described in §§ 549. 
and 550., in which the absolute intiuence of one electric cur- 
rent on another is to be measured. 



§ 562. 

If a rectangular conductor, move freely about an axis passing 
through the middle of its longer side and through its centre of 

gravity, and further if this axis of rotation cut the magnetic 
meridian at right an^^fps, then the conductor, which was at first 
perpendicular, acquires such a slanting position, that the plane 
in which the current moves cuts the plane of the needle's dip at 
the place of observation at right angles (§ 445.). Hence it 
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Fig. 240. 
e 




appears that the part of the current which inclines towards the 
terrestrial equator flows from £, to W. whUst that wtueh is 
turned towards the pole runs from W. to E., or In other words* 
that the current as a whole takes such a position as the currait 
supposed to exist in a dipping-needle has about ita axis* 

Eij)t. Such an electrical dipping-needle or inclina- 
torium, may be constructed thus, accordini; to Eisenlohr 

fg. 240. Procure a light wooden 
frame, abed which is provided 
with two common sewing-needles 
o and 9, that serve as an axis 
about whieh it can turn .e«s3j. 
Wind copper wire, covered with 
silk several times about the 
frame in tjie direction abc d, and 
let one end have a metallic con- 
nection with the trunnion o, and 
the other with that at q. 'lliese 
trunnions are now to be laid on 
the bent parts of the metal stems pr and which are 
widened out into little stages r and i, and are highly 
polished ; the centre of gravity of the apparatus is to he so 
arranged that the frame may take a horizontal position. Now 
place the whole so that the axis of rotation may stand per- 
pendicularly to the magnetic meridian, and connect the 
binding-screws p and m, with the poles of a powerful con- 
stant battery, as soon as the current begins to flow through 
the wire, the frame will take the position represented in the 
Jiff, To mark the pontion of the dipping-needle, • card- 
board needle s n may be fixed in the middle of the frame, so 
as to intersect the plane of the former at right angles. 

A .similar result will be obtained 
with a common wire conductor, Jip. 
241. insulated at ar, and placed with 
the ends of its axis a and 6, on the 
stages of Jig. 240. if a sufficiently 
>— powerful current be sent through it. 
On account of their friction it is 
sometimes difficult to insure that these 
moveable conductors shall take their 
proper pcmtion. If the experiment described above does not 
fully answer, the failure is to be ascribed to the excess of 
friction, the same remark holds good with regard to several 
of the preceding eKperiuietitfi. 



Fiff. 241. 
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$ 563. 

Every solenoid possessing tolerably free motion and through 
which a powerful electrical current is. sent, will Tin consequence 
of the iiiliueuce the earth's magnetism exerts u\)on it) take such a 
position that the circular currents which run downwards will 
^flow from £. to W., and lliose on tiie £. mde wiH run upwards, 
its north pole will eonsequently point towards the (see § 
554.), and its south pole towards the S. 

Bxpi, To show experimentally that a solenoid has a 
tendency to acquire the polar position just spoken of, and 
to Vest in it, han<j one, Jfig. 226., in an Ampere's frame in 
such a manner that its poles may stand E. and W. When 
in this ]K)sition send through it a pretty strong cnrrent, it 
will begin to turn, and, alter a few fluctuations, it will settle 
' down in the polar position* 

The same result is obtained if the floating solenoid be 
U9ed,^j^. 227., only the eketrie eunrent must be strong enough 
to overeome the resistanee of the fluid to the motion of the 
apparatus. 

In like manner a solenoid capable of revolving about a hori- 
zontal axis passing through its centre of gravity and at right 
angles to the plane of the magnetic meridian, will necessarily take 
a position coinciding with that of the dipping-needle, because thct 
whole of the currents circulating in it are at right angles to this 
direotion; they therefore as a whole, eoincide with the position 
whieh eadi single eunrent' takes. The greatest praeti(»l difli-- 
culty consists in so constructbg a solenoid, that it may have the 
perfectly free and easy motion Uiat is indispensable to the success 
of the experiment. 



§ 564. ■ ' 

The assumption that electrical currents circulate about tiie 
earth is consistent with the directing force they appear to exert 
on magnetized needles. For since by Ampdre*s hypothesis a va- 
riation needle may be regarded as a solenoid (§ 557*), it will take 
the same polar position as the latter, when the electrical currents 
supposed to exist in it acquire a position exactly opposite to that 
of the currents which flow in the magnetic equator of the earth, 
2. e., they wili How exactly opposite to each other. This can 
however be the case only when the north pole of the magnet is 
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turned towards the north pole of the earth, and its aooth pole to 

the south pole of the earth. 

Let i^fig* 242. be a section of the earth through its mag- 
netic equator, and let ew he the direction 
Fig* 242. of the current flowing round it from to 
W. Now let S. be the section of a magnet 
moveable in a horizontal plane above its 
surface, the latter must take such a positioD 
that its cueular currants will have tiie same 
directum as those on the earth, they will 
therefore flow from £. to W. This is the 
case in the northern hemisphere if the 
south pole of the magnet be turned towards 
the equator, and in the southern hemi- 
sphere if its north pole be turned towards 
the equator. 

But the north pole of a dipping-needle will dip towards the 
earth in the noi^em hemisphere, and the south pole in the 
southern hemisphere^ when the currents by which th^ are endr* 
cled flow in the same direction as those of the magnetic equator. 
The wooden cylinders already described and represented 
in JigM, 228* and 243. may serve to illustrate the true post- 
position of the dipping-needle. 
Fig, 248. E. S. W. N. may represent one me- 

ridian of the earth ; E. W. its mag- 
netic equator, and the arrows on it 
the direction of the terrestrial cur- 
rent. Then it is easily seen that 
such a needle, if held horiaontally 
over the equator, e. over £. 
and W., must, in the northern he- 
misphere, take the position towards 
N., and in the southern towards S. 
as shown in the Jig.., for their cur- 
rents to flow in the same direction 
as that of the earth itself. 
Barlow tried experimentally to prove this assumed 
Influence of the current of terrestrial dectricity on magnetic 
needles. He procured a wooden globe, and through every 
tenth degree he carried a wire, along which he passed an 
electric current. Then he found that a magnetic needle, so 
circumstanced as not to be acted on by the earth's magnetism 
and constructed like a dipping-needle, assumed t*ie same 
relative positions as such an instrument would have taken 
for the respective latitudes uu the cartli. 
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§ 565. 

A rotatory motion may he imparted to an electric current by 
terrestrial magnetism, if the conditions specified in § 553. are 
complied with, and if the conductor be so contrived as to turn 
with extreme readiness. This is the case with a liorizontal cur- 
rent revolving about a vertical axis. Ji tiic current recede from 
the axis, Ibe rotation will be from £. tiirough the N. to the W. ; 
but if towards the axis, then its rotation will be in the opposite 
direction. 

Expi, If the needle which turns horizontally in Scbweig- 
ger's rotating apparatus, ^p. 234 a., be light enough, and if 
it turn easily cnoyp:h, the influence of terrestrial magnetism 
alone will cause it to revolve. 



£• Excitatum of MagneHtm by Eleetrie CurrttUt, 

§ 566, 

Besides the deliecting infli^enec exerted by the electric current 
on magneUe needles, it possesses the further property of impart- 
ing both transient and permanent magnetism to different con- 
ductors of electricity. 

Arago first made this observation shortly after Oersted's splen- 
did discovery. He found that every metallic conductor, so long 
as an electric current flowed through it, attracted towards itself 
iron filings an»l otlier similar bodies in tlie same maimer as the 
poles of a magnet. This attractive encrjry was not iilvc that of a 
magnet in being especially potent in puruealar spots; but, on the 
contrary, the wire throughout its whole length showed an equally 
intense attraction around its entire surface. 

Exja» Connect a copper wire, about one line in thick- 
ness, with the poles of a plattnuro or carbon battery (§ 546.). 
On establishing contact, the wire will attract iron filings 
towards itself, so as to be completely envelo])ed with them : 
and it will retain them so long as the electricity issentthrough 
it. Break the connection, and the filinjErs will instantly fall. 
A horizontal spiral, such as jig. 241 ., may be substituted 
J5Vj» QdA ^ rectilinear one. Cover it with 

a thin plate of glass or horn ; strew 
fine iron filings uniformly on 
the plate, and on transmitting the 
current through the spiral, the 
filings will he seen to group themselves about the coils. 




Digitized by Google 



222 If AGMSTtC IWrLUXltCK or THB KLBCTUC CVaftSMT. 



. § o67. 

If an electric current ptm near any small pieces of steel or iron 
whteh staad at riglit angles to the direction of its current, it will 
render th^ magnetic, and th^t end which is to the left of the 

current will be the north pole nf the respective pieces. 

Kxpt. I 'se a strip of copper as the conductor of a power- 
ful battery, and at right angles to the direction of its current 
lay a fine j>e wing- needle, which may be insulated by means 
of a piece of Inctian rubber, or paper, or by a silken thread, 
firom the copper* Send the current through the latter, and 
the needle will acquire a magnetic polarity, and its north 
pole will lie to the left* of the current, the observer being 
supposed to stand so that the current flows between him 
and the needle, i. e., on that side to which the current would 
deflect the north pole of a maprnetized needle (see § 546.). 

Soft iron retain'^ its magnetic ])roperty only so long as the 
current circulates and acts in it j hardened steel, on the con- 
trary, xetaiaa fat a length of time Ae magnetism imparted 
to it 

The current exerts a stilt more powerful influence by making 
it encircle the steel you desire to magnetize a considerable num- 
ber of times. Even large needles may be rendered strongly 
magnetic, if they be insulated in a conductor coiled like a screw 
or a solenoid, through which a powerful current is transmitted. 
A momentary charge is sufficient permaneutly to impreprnate tlic 
steel Willi magnetic virtue, that end which is next the iiortii pole 
of the spiral becomes the north pole of the magnet (§ 554.) ; t. e. , 
the end, therefore^ which lies on the leCb of the direction in which 
the current flows. 

Helices are said to be right-handed when coiled forward in 
tile direction in which the hand of a watch moves; 
handed when the coils run in the same way as the worm of 
a common screw. In the former the south ])olc of the needle 
will be found at the end where the current enters, and the 
north pole where it makes its exit ; in spirals coiled to the 
left, the position of the poles is exactly reversed. 

Fint ExpL Wind some copper wire about half a line 
thick around a glass tube one line in diameter and 
rather longer than the needle that is to be magnetised. 
If the wire is previously covered with silk, the glass may be 
dispensed with. Thrust the needle into this helix of wire 
so that it may be completely surrounded by it, and as soon 
as a sufTiciently powerful current is transmitted through the 
wire, the needle becomes magnetic. By attending to the 
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remarks already made, it will at onee be known at which 
end the north pole will foe. 

Place a needle already possessing mngnetlc properties in 
a helix, such as we have just described, with its south pole 
where the north pole of an unmagnetizcd needle would be ; 
send a current through the wire^ and the poles of the magnet 
will instantly be reversed. 

Since a morrentiuy action of the current siifHces to mai:- 
netize the acedics, a similar result is obtained by sending u 
charge from a L^den jar through the coal of wire ; an expe- 
riment given already, § 497. 

From these effects of the electric curient we are enabled 
to understand the influence of lightning on steel rods and 
magnets referred to in § 545. 

Secottd Expt. Tf the wire is coiled in one direction half 
the way along the glass tube, and then in the opposite the 
other half, a needle placed in such a helix will acquire three 
poles by the action of the current on it ; viz., two similar 
ones, one at each end, and one disumilar at the point where 
the direction of the current was changed. 



§ 568. 

In consi (jiicncc of its Jo coercive force (§ 452.), pure soft iron 
becomes mure strongly magnetic than steel, when encircled by a 
spiral electric current. The magnetic virtue thereby imparted 
is, however, only transient, as it vanishes on the current being 
discontinued. Iron bais, generally of a cylindrical form, about 
which an insulated copper wire runs in the form of a helix to 
conduct the current, are called temporcry or dectro^magnets. The 
most powerful specimens are obtained by bending the bar into 
the figure of a horse-shoe, the coils of wire being, however, con- 
tinued as if the bar were rectilinear ; its ■ends are then clcsed by 
a feeder of soft iron. I'hey siapai>i> all natural and all the other 
kinds of artidcial steel majxnets in suspensive power, several hav. 
ing been already consUucted, and of no very great dimensions 
either, which are capable of bearing more than 2000 lb. 

Bodi the bar and horse-shoe electro-magnets acquire at their 
extremities that polarity which the ends of the helix possess; that 
is to say, tlicir north pole will always be to the left of the direc- 
tion in which the current flows. If the current's direction be 
reversed, the poles of the magnet will be so too, and the trans- 
mission is generally of such short duration that the keeper either 
does not lose its hold of the macrnet at all, or at most it recedes 
but little from it. if the current be altogether cut off, and the 
keeper be maintained in contact with the magnet, Watkins found 
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that the electro- magnet retained for a length ot time a consider- 
able suspensive power (about half its full power) ; but that if the 
keeper were detached* the magnet entirely lost this power. Mag- 
nus further discovered, that electro-magnets acquire their extra* 

ordinary suspensive power only wfaeo their keepers are coniiLC tod 
with them ; it is the m^netism excited by induction in the 

keepers that imparts this power, for -when the poles are not thus 
connected they are scarcely able singly to support the weight 

of the keeper. 

Several philosophers have attempted both experimentally and 
theoretically to ascertain the laws on which this suspensive power 
principally depends, and by which it may be determined. In- 
vestigations of this kind were first undertaken by Feehner» Dal 
Negro, and Ritchie ; they hare subsequently been carried on 
more ^Uy by Jacobi and Lenz, and most recently by Pfaff, The 
main results at which they have arrived are the following : — 

1. ) The amount of the suspensive force is immediately depend- 
ent on the intensity of the electric cvrrent which circulates about 
the iron ; and it has hereby beea ascertained, that the intensity 
of the magnetism excited in the sol t iiou is cjcactly peoportional 
to that of the electric current 

By Ohm*s fundamental law the intensity of the current 
may be estimated firom the magnitude of the electro-motive 
force, and the degree of resistance to conduction that has to 
be overcome (§ 511.) in a short stout wire of good con- 
ductinj* power, such as copper. It 'lejiends, therefore, prin- 
cii)ally on the quantity of electricity passing through the 
helix ; consequently, on the area of the eleetroniotors, and 
on the absolute force with which it is excited; if the wires 
be long and fine, on the density of the current, and on the 
number of members 'm the battery. 

2. ) If the intensity of the current continue the same^ the mag- 
netos suspensive force increases with the number of turns made 
by the wire ; or, the total effect of aU the coils ia equal to the »um 
of their effects if taken singly. 

S.) The attractive force of an electro-magnet increases as the 
mass of tile iron composing it ; and this increase is proportional 
to the diameters of the iro7i cylitiders, their lengths being equal. 

4. ) The structure of the iron itself greatly modifies its intiuencc ; 
and, in fact, iJkc purer^ softer^ and more fumogeneout the mass, the 
stronger the magnetism it is copable of receiving* 

5. ) Lastly, it has been ascertained that, Ifts firm of the mass 
o f iron, or of ^ ekctro-magnet^ influences its suspensive power. 
Cylinders were found to carry greater weights than rectangular 
bars ; and a hollow cylinder, from which a portion had been cut 
away, so that it formed {fig. 24^.) a long horse-shoe magnet, 
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when viewed in the direct ii)n 
of its axis, but a very short one 
if taken as to its height, was ca- 
pable of receiying a very great 
suspensive ibiee; and lastly, a 
sU^t eurvature of tbe polar 
surCaees added eonsiderably to 
its power. 

The following contrivance will be found convenient for 
estin^RtiMiz; in a sini)>!e manner the sn«;pen*ivo force of iva 
electro-magnet, either by weight or by human power of trac- 
tion. 




Fiif. 246. 




4 



b 



lilliii?ii<a!»Ml3SiiB« 



The horse-shoe NJS {Jig. 24G.), which stands vertically 
in a wooden foot, b &stened so that its arms point upwards. 
The maimer in which the copper wire is coiled about it is 
seen from the figure. Tbe ends carry two binding^crews p 
and Mj which are dther connected immediately with the 
poles of a battery of two elements, a carbon or platinum 
battery, or else it is connected with the latter by means of a 
commutator (Ji(i. § 54 (i. ). Tlie different coils of the wire 
are insulated one from another by winding thorn so that they 
do not touch at any point ; they are insulated with regard to 
the iron of the eiectro-magaet either by surrounding the latter 
with a silk band, or by coating it over with gum-lac varnish. 
Tbe feeder A» which connsts of a cylindrical piece of soft iron, 
is so fostened to tbe unequal armed lever ach that it moves 
at a short distance above the poles, whose faces are slightly 
hollowed out The feeder having a free motion in this po- 
,• V, sition, can be brought down so that its cylindrical surface 
just ^ts mto the cavity of tbe poles bent^ath it. A stout 

VOL. III. Q 
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hook h is attached to the otlier arm 6; to it the scale pan 
is fastened, in which weights are laid to measun the mag- 
net's power of autpenflion ; or thb force may be. estunaled by 
prefldog or puliing the lew with the hand until the keeper 
18 detaehedt in whieh case the true measure of the force is 
obtained by supporting the lever in the middle c'. It is 
scarcely necessary to edd that in such experiments as we 
have been describing, the foot of the ap}>aratus must be 
secured by a clantp. so as to render it immovta!>li-. 

This curious aiiil powerful kind of magnet was discovered 
by Sturgeon in 1825. Subsequently Henry and Ten Eyk, 
in America, constructed some on a large scale. One horse- 
dioe magnet made by them, and w^ghing 60lbs., would sup* 
port more than 2000 lbs. More recently electro-magnets 
iiave been made of the ordinary form by Joule and Radfort. 
Fig. 245. represents one of Joule's, which weijjhed 15 or 
16 lbs.y and carried a weight of more than 2500 lbs. 



§ 569. 

li a rectilinear electro-magnet be made to turn in a horizontal 
plane about its centre, it will act in the same manner as a de- 
clination needle, or a solenoid ; that is to say, it will assume a 
polar position* If on its attaining thu situation the current in 
its wire be reversed, the poles of the magnet will instantly he re- 
. versed, and the consequence will be that it will begin to revolve 
in order once more to rogain its polar position, on attaining which 
its magnetism becomis hlmiii cliaiiged, and hence a perpetual ro- 
tation of the magnet about its middle. This rotatory movement, 
which in the case supposed was owing entirely to the intiuence 
of the earth's nu^ettsm, may be rendmd more violent by caus- 
ing the unvarying poles of a common magnet, or of an electro- 
magnet, to act upon those points of the revolving one where the 
change in the current takes place. According to the laws of 
magnetic polarity there arises first an attraction between dissimilar 
polci ; as soon as these, by the change in the cnrront, become 
similar there ensues a powerful repulsion. This alternate action 
is maintained so long as the couiinuance of the electric current 
keeps up the temporary uiagueiism. Kitchie, wiio in 1833 in- 
vented these rotating magnets,,fir8t entertained the idea of apply- 
ing this rotation as a motive power to machinery. 

Fiff^ 247. and fy. 247 a. give a vertical and a btrdVcye 
view respectively of an apparatus of this kind, which, besides 
generating a rotatory movement, may be used as a contact- 
breaker, SN is a common horse^shoe magnet, with its poles 
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Uppermost: nsc is the small electro-magnet, which turns 
about the vertical axis cd, whose point rests in a depression 



Fip. S47. Fig. 847 a. Fig. 247 h. 




in the screw to ; the poles n and « of the lesser magnet arc 
at a small distance from thote of the great horse-shoe, whose 
polet S and N pass thiough a wooden circular plate ; between 
these poles the two halves of a copper ring are let in, so as 
to be insulated at /and g by two partitions of wood or ivory, 
which part them asunder. From these points conductors 
are carried through the wooden disCi ending at its cir- 
cumference in binding screws at p and m, by which the half 
rings of copper are connected with the poles of a constant 
battery. These two copper plates, acting now as the poles 
of the battery, are put in contact with the ends a and b of 
the helix of wite^ and thus the eurrent nroulates about the 
electro-magnet To insure a complete metallic eontaet be- 
tween the points where the current passes off to the wires, 
and at the same time to reduce the friction to the utmost, it 
is best to attach to the ends a and b some extremely fine 
platinum wire, twisted so as to form a fork (fij. t!47 b. ), 
and trace over the copper plate, which may be either amal- 
gamated, silvered, or gilt. At the instant when these fint* 
wires cross the bridges J aud and touch the other copper 
plate, the poles of the electro-magnet are reversed, as is 
understood readily from the remarks already made. The 
partition 9 which projects above the copper plate> and which, 
like those at/and g^ may be of either wood or ivory, would 
insure that Uie current should be interrupted every half 
revolution. 



Q '2 
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§ 570. 

Many philosopbefs and meehankUiiB, in both the old and new 
world, were induced, from a consideration of Ritchie's rotating 
electro-magnet, to investigate, both practically and theoretically, 
how far electro* magnetism would be available, if applied as a 

motive power to machinery. 

The principle on which all machines act that are sef in moffon 
by th'ctro-tnarjnftism, is mainly the great attractive force exerted 
by the dij^siinilar poles of an electro-magnet, and the suh-njuent 
change of this attraction into an equally strong repulsion, when, 
by t& diange of the current in the spiral, similar poles are made 
to act on each other. — We are indebted to iVofessor Jaoobi, of 
Petersburg, for the most complete and varied investtgatioifs, both 
of a practical and theoretical nature. 

A machine was constructed, according to the laws de- 
veloped by Jacobi and Len7, in 1831, its useful efiect 
amounted to between ^ and 1 liorse power (§ 421. \ 

In consequence of what kas already been effected, these 
machines possess a great practical interest, and since expert- 
' ence has ever shown that discoveries of this nature are not 
brought for years to the highest degree of perfection of 
which they are susceptible, every unprejudiced person will 
look with satisfaction at what has already been accomplished, 
and as the exbtence of this force is fully established, the 
hope mny reasonably be cherished that further investigation 
will enable us to apply it more extensively. Whether this 
new moti\ L' power will ever replace steam, as many have 
confidently asserted, we are not yet in a condition to say 
positively : before that can happen we must be enabled to 
generate electro-magnetic force of any degree of strength 
that we please^ as we can steam; it must possess the power of 
imparting to machinery every required velocity; it must be 
capable of being regulated hs steam power is, at the pleasure 
of man; and could even all these requisites be complied 
with, and though it possessed the advantage of invoK i n^r no 
risk of life in its controul, there, would remain one import- 
ant element to be considered, viz., whether its economical 
eflRact, t. e. its useful effect, when compared with the cost of 
geqerating and working it, exceeds that of steam. The 
main point would therefore be, that we should find materials 
for generating this force as abuodantiy supplied as those by 
which steam is created : for with the present construction of 
electrfvTnagnetic machines, and with the materials now used 
for producing the force, it is out of the question to think 
that it can be substituted for a fraction of the many millions 
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of horse power represented bj existing steam engines 
(§ 420 ). Whilst penning these lines, the recollection 

involuntarily forces itself upon my mind of the illusory 
anticipations, formed but a few years ago» that steam power 
was to supersede gunpowder (§ 420.). 



U. MAQMEXO-ELECI&ICITYy 

J* 

OB. THS INnuCTlTK 1KFI.UBNCB OF BLBCTBIC CURRBNT8. 



A. Bltdric CwmnU excited fly means ofniken. 

After the electro-magnetic discoveries had established t!ie fact 
that electricity, in a state of motion, j^ossessed magnetic proper- 
ties and exerted a magnetizing inihj( nee, the natural conclusion 
was speedily drawu tliat, conversely, magnetism would call fortii 
eleetrictl pbenoroena. 

Now, as aoeording to Ampere's theory of the trntare of mag- 
netism ({ 497«), magnets are assumed to be bodies about which 
electrie currents eiiculatei the next thing to prove was, what 
Influence such currents would exert on other bodies in a state of 
electrical equilibrium. The investigations on these points led to 
the following results : — 

1. ) Khctric currents act precisely as tU ctricity in a state of 
tension would act on conductors within the sphere of their injiuenct, 
that ist they by induction excite currents again in these bodies. The 
electric currents thus generated are called imhiced or eeeondaty 
currents, whilst those which existed originally are termed the 
inducing or primmy currents. 

2. ) A secondary current mU be eHeited in a doted nutalUe con* 
ductory when brought near to or when removed from a current 
already e.rish'n/j, also when an electric current i$ eo/Zedf into existence 
or is suftpeiidtd in its neiyfihnnrhoixl . 

3. ) These secondary currenta are oulg of momentary duration^ 
whereas the primary are liermauenL 

4. ) The Hconidan/ csanrmt vsihUh i$ JifH generated, i^t. that 
wiieh it fmned bg bringinff tke undeetriJUd eondsuior near to the 

Q 8 
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prhitnry current has the opposite direction to if, wherea:? the second 
or Jinai one, ivhich i$ formed by ike removal or suspension of the j/ri- 
mary current^ has the same direction with it. Hence it foliows 
that the secondary currents always have the contrary direction to 
that which a eurrent in the unelectrifiedl conductor must have 
had to cause their approach or recession. 

Further research showed that a secondary eurrent that had 
been elicited by a simple or rectUinear primary one, and that 
had but a small intensity, became much more powerful when the 
conductor of the primitive and that of the secondary currents 
were coiled under each other in a spiral form, because by this 
means the single force was multiplied in the same manner as in 
a galvanometer, 512. and 547. 

The brief duration and the small intensitj of currents 
excited by induction, caused them to be so long overlooked 
by many'dbtinguished men of science. Faraday was the 
ftrst who, towards the close of the year 18S1, discovered the 
laws by which the Inductive influence of electric currents is 
governed ; their existence he proved by increasing tlieir 
effect through using a great many coils of wire. 

This distinguished philosopher endeavoured to account 
for the brief duration of these currents agreeably to the laws 
of the induction of electricity in a state of tension, thus 
(§§ 478. and 483.). At the moment when electrical equi- 
librium is disturl>ed by a primaiy current in a closed con- 
ductor, it will attract one eleetncity and repel the other. 
Thence two currents arise, one running in the opposite 
direction to the primary current, the other in the same 
direction with it. Now the latter, by the laws of electric 
currents (§ 549. ), will be attracted by the primary current, 
its action will be thereby suspeinied whilst the otiier will 

move on with great velocity. Hie induced conduetor, 
during the continuance of flie current which acts on it, is 
in a peculiar latent state, called by Faraday the deetrolmic 
state, resembling a conductor put in a state of tension by 

induction. When this condition terminates, the current 
that had been held back so long as it lasted is set at liberty 
and moves in the direction of the exciting current. 

The following experiments will display the creation of 
these secondary currents, their brief duration, and the laws 
regulating their direction. 

FirMtEsept Two fine copper wires covered with silk 
will serve as conductors of the primitive and secondary 
currents. Coil both under and over each other about a 
wooden cylinder in which there is a deep groove, so that 
the entire nmnher of turns may amount to several hundred. 
fig» 248. represents one of these induction spirals ; a and b 
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are the ends of one, c and d those of the other wire ; and 
that the ends of the respective wires may be readily distin- 
guished^ it is advisable to eover them with sUk of diflfisrent 
eolours. Connect the ends of one wire^ ex, pr, a and b with 

the poles of a powerful constant battery, then the current in 
this conductor will circulate close to the other conductor 
without being able to pass over into it The second wire 
will accordingly serve as the conductor of the secondary 
current, and that the effects of induction in it may be readily 
seen, connect its ends c and d with a galvanometer. At the 
moment when the battery is eomiected by means of the first 
wire^ the deflection of the galvanometer needle shows a 
secondary current to have been elicited in the under wire. 
If the primitive current in the first wire go firom a to the 
needle would show that the secondary current had gone 
from d to c. After a few oscillations the needle reverts to 
its original position, thus proving that the induced current 
had ceased to exist. Interrupt the primitive current by 
breaking the connection of the battery, and the needle will 
instantly turn in the contrary direction ; showing the exist- 
ence of a current in the under wire flowing firom c to in 
tlie direction therefore of the principal current whose action 
had been suspended. 

Second ExpL To show how secondary currents are pro- 
duced by bringing one conductor near to another and by 
withdrawing it, the latter being traversed by electricity, it 
will be necessary to use two separate induction spirals. 
The inducing spiral whose ends are connected with the con- 
stant battery, consists of a wooden roller on which are 
•everal bundled coils of copper wire about one line thick* as 
shown in yfy. S49. A ; the wire is covered with silk* The 
other in which the secondary current is to be generated 
consists of a similar wooden roller, fg» 249. B, hollow in 
the middle and large enough to slip over the other. It 

a4 
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contains some 1000 or more coils of fine copper wire coated 
over with silk ; its ends are connected with a galvanometer. 
The phenomena deseribed in the pfeceding experiment 
occur when the second spiral Is thrust over the other, and 
when it ia deCadied from it. 



§572. 

Soon after the discovery of these secondary currents it wa^ 
found, as was to be anticipated, that they produced not merely 
magnetic, but also physio]<^eal and luminous phenomena, like 
other eleetrical currents ; on aeeount of their alternate action 
they exert no chemical influence. To render their physiological 
efleet on the human fi-ame perceptible, there most be a rapid 
succession of breaks in the primary current ; this may bee^^ted 
by inserting a contact breaker ifi the circuit. 

When a frog's leg was ct)nnected with the ends of the 
induced spiral, contractions took place on each openiug and 
closing of the battery, iipaiks also accompanied each of 
these changes when the amalgamated ends of the wires. were 
brought together. 

To magnetise a steel needle, place it in a spiral wire just 
as when a permanent hydro-electric current is used, the 
ends of this spiral being connected with those of the induced 
spiral. Only one of the secondary currents sboiiM be 
allowed to pass through this conductor, or else the magnetic 
influence exerted by the one current will be annihilated, or 
at least impaired by the other which flows in a contrary 
direction. 

A shock may be received from a current proceeding from 
one element of a constant battery, if the roetallic ends of the 

spml in which the secondary current is generated are 
grasped with wet hands, and the effect will be heightened 
if the ends of the wires are furnished with such conductors 
as we have described in expt. 6. § 515., and the person who 
is to receive the shock holds these instead of the mere wires. 
With the common voltaic current a pile of at least thirty 
pairs of plates is required to produce a shock ; the current 
of the single battery is in this case rendered more powerful 
by bemg transmitted through repeated coils of the wire. 



$573. 

Evury clLctrlc current, on tiie connexion with the luittery 
being broken and renewed, e^cci^es a special current in its own 
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conductor. Faraday attributes this to an inductive induence 
wliich the coils of the same spiral exert on each other : the cur- 
rent thuK produced he calls the extra-current. The extia-cuiTcnt 
generated on eonneetin^ the battery, like the veeandary current, 
has the contrary direction to the primary* the predominance of 
the latter therefore neutralizes it ; that which ensues on breaking 
the connexion has the same direction as the primary currrat» 
and is remarkable for the effects it produces, being distinguished 
especially by the intensely bright sparks and the powerful shocks 
it gives off. 

Firxt Expt. Connect the mercury cups at the poles of a 
simple but strong voltaic battery (best of all of platinum or 
carbon), by means of a short copper wire ; on breaking and 
ranewing the eonnesion a very feeble spark will be obtained* 
but if the poles are connected by the long wire of an induce 
tion spiral each time the ends are inserted in the mercury 
cups and are removed from fhem, a vivid spark and an 
audible report will be observable. 

Second Expt. Connect the poles of the battery with the 
metallic conductors which are to be grasped iu the bands, 
and the nerves will be affected each time the connexion is 
established and broken ; but the intensity of the shock will 
be aiflrdawd witiiin certain limits in proportion to the 
number of turns In the helix of an Induction spiral inserted 
between one pole and one conductor. 

Both the luminous phenomena and the electric shocks 
are rendered more forcible by interposing any contact- 
breaker ; the sparks are remarkably brilliant if a Ritchie's 
rotatory electro-magnet ( %. 247.) is employed. To obtain 
the rapid succession of sliocks the contact-breaker must 

inserted iu iliat part of the conductor 
Fig, 250. which is between the conductors that 
^ are held in the hands. F^. 250. will. 

ftt tcit t it n T f^ render this arrangement more intelli- 
. (A U1 U» 1 I JA J gible; £ is the battery, S the spiral con- 
I ' I nected with one of its poles, B is the 

1. * contact-breaker, and C C are the con- 
Wr"r " I ductors. At each interruption the extra- 

current runs from the conductor through 
the hmnan boily. 

When the current is interrupted and 
' renewed with sufficient rapidity and con- 
tinuance, the eitra-current, as Faraday has proved, exerts 
thermal, chemical, and magnetic influences. 
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§ 574. 

Even the momentary curreDt of fnctional eleotrieity, obtained 
by duebarging a Leyden jar or an electrical battery, excites, in 
closed conductors standbg near the eonduetor of the momentary 

current, induced or secondary currents, whose properties have 
been investigated bv P. Riess and Dove in a comprehensive 
series of iiDszenious experiments. An inRtnntanoous primary cur- 
rent of this kind generates only one secondary current, which 
has always the same direction with itself, and which produces 
efieets thermal, magnetic, and physiological, strictly analogous 
to those caused by permanent electric (voltaic) currents. Want 
of space forbids our entering more into detul as to the properties 
of these currents. 



B. EUdrie CuntnU geiuraUd hp MagneU* 

§575. 

It was to be expected from the discoveries made as to the 
inductive influence of electric current*;, that if Ampere's hypo- 
thesis were correct, magnets would produce etiects strictly ana- 
logous to those displayed by an induction spiral, through which 
there iiowed a stream of voltaic electricity. The experiments 
performed to establish this point have fully proved it A mag" 
nei bg indndtoa €xeUe9 in an uudectrified doitd conductor a cumni 
hoik on being hrtn^ht near to, emd an heing removed finm the latter^ 
Wlkile the magnet is at reei, and near to tke eondnetOTt no eurreni ie 
perceptible in the taUier, These secondary currents have the same 
directions as they would have received from a magnet (§ 557,), 
according to the fundamental law of the induction of electric 
currents (§ 571.), based on Ampere's hypotliesis. 

Our first knowledge of the existence of these magnetO' 
etedrie currents, as they have been called, is due to Faraday, 
who diwovered them towards the dose of 18S1, simid* 
taneousiy with the secondary currents that are generated by 
voltaic currents. 

The following may be r^arded as the fundamental 
experiment : — 

Expt. Insert one leg of a powerful horse-shoe magnet in 
the hoUow cylinder of an induction spiral. Jig. 249 B, 
whose ends are connected witli a galvanometer, and the 
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deflexion of the needle will show that a secondar}' current 
has been generated in the spiral whose direction is contrary 
to that of the currents circulating about the magnet. — • If 
the 1^ of the magnet remain at rest in the cylinder* the 
galvanometer needle win» after a hw oscillations, resume its 
normal position; the copper spiral is consequently in an 
tkctrotontc state (§ 571.)* — Withdraw the magnet after the 
needle has become steady, and it will again deviate, but in a 
contrary direction to that in which it moved when the mag- 
net was inserted in the spiral. — Insert the other pole of the 
magnet in the cylinder and the direction of the needle's 
deflexions will be reversed. — In these experiments the wires 
from the helix must be long enough to prevent the magnet^ 
acting on the galvanometer needle^ 

• 

§ 576. 

Soft Iron, which has been rendered temporarily magnetic by 
the permanent electric current of a voltaic or of a tiiernio battery, 
or by induction from a steel magnet, excites secondary currents 
In an induction spiral in precisely the same manner as a magnet 
would. The first esse may be yerified by sumunding an electro* 
magnet in an induction spiral, then establish and break the con- 
nexion of the battery from which the current proceeds to its 
helix, and it will be alternately in a magnetic and in an unmag- 
netic state. In the other case the same effect follows if a piece 
of soft iron, placed in the induction spiral, be alternately magnet- 
ized and demagnetized by approaching and withdrawing a power- 
All steel magnet. 

Fint Expt. 1%B Magiietthdedrie Ming, Jiff. 251., is one of 
the most simple pieces of apparatus fbr generating magneto* 

electric currents by means of an 
Fijf» 25 1 . electro-magnet. It consists of a bar 

of iron about 1 inch thick, bent round, 
so as to form an oval ring, whose 
longer inner diameter may be some- 
what about 3 or 4 inches. One half 
R is converted into an electro-mag- 
net, by having some insulated copper 
wire of sufficient thickness twisted 
round it, the ends of the wire being 
connected with the poles of a constant battery ; the other 
half, which answers to the feeder of an electro-magnet, is 
surrounded with the inductive s'^)iral *. Connect its ex- 
tremities a and 6 with a galvanometer, and its needle will 
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show, on the connexion of the battery l)cing broken and 
renewed, the same eO'ects as if its place had been occupied 
hj an eleetroinagiiet. — A eommon eleetro-magnet might 
hftve been used in perforining this experiment, if its feeder* 
by which the poles were connected, were inserted in an 
induction spiral. 

Second ExpU To show that these currents may be gener- 
ated by the inductive influence of a steel magnet, bring a 
feeder, such as we have just described, near to the poles of 
a powerful horse-shoe magnet, and then withdraw it. On 
bringing the pole of the magnet near the two ends of the 
feeder, Sie galvanometer needle, which is connected with its 
spiral, will show the existence of a current, whose direction 
is opposite to thatch the current which, by Amp^re^ theory, 
is supposed to encircle the sofl iron that has been converted 
into a magnet. On withdrawing the magnet, the contrary 
deviation of the needle proves that the second secondary 
current has been generated, and that its direction is the 
same as that of the current which had just been suspended 
in the iron. 



§577. 

Lenz has investigated and discovt r( d the laws which regulate 
the magneto-electric force excited by magnetism in the induction 
spirals. Ihe results obtained by this philosopher coincide 
exactly with the laws which he and Jacobi had previously found 
to regulate the intensity of the electro-dynamic force excited by 
voltaic currents (compare § 568.}. These laws are, 

1. ) That the magneto- electric energy excited in an induction 
spiral by means of magnetism, is equal to the sum of the electro- 
motive forces of all the individual coils of the wire (Ohm's fun- 
damental law, § 511.). 

2. ) " Cseteris paribus," that is to say, with equally powerful 
currents, the magneto-electric force will be nearly proportional 
to the number cf coils^ the thickness of the wire exerting no 
influence on it : its intennty will, however, be slightly diminished 
by increasing the width of the coils. 



§ 578. 

Tlie action of a hydro-electric induction spiral may be thus 
combined with that of an electro-magnetic spiral : place a piecti 
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of soft iroD within the hollow cylinder of a spiral thnnigb which 
the primary current flows* and the secondary current generated 
by the combined influence of the two forces will be more power- 
ful than if eieited by either of them singly. Tlie soft iron > 
becomes mngnetic every time that the contact of the voltaic 
battery is established; it loses its magnetic properties again when 
coutact is broken ; it acts thertfore in both cases inductively, like 
the voltaic current on the outer coils of wire. In this kind of 
induction apparatus the extra current which is generated at the 
moment when contact is broken, possesses remarkable energy in 
giving off sparks and shocks ; subsequent obsermtion has shown 
that these efiects are rendered still more powerful if a bundle of 
Iron wires be used instead of a solid cylinder (a). 

On these principles have been ccmstructed galvano-magneHe 
induction machines^ which have been variously applied, but whose 
principal use is for medical purposes; they consist of an induc- 
tion spiral connected witli a hydro-electric battery, which is fitted 
up with an apparatus for esublishing and breaking contact with 
great rapidity. 

a.) Baehho0ber and Sturgeon appear to have flrst 
noticed that a bundle of wires, insulated by a coating of 
varnish, gave a more powerful extra current than a massive 
bar of iron. Magnus and Dove tried to ascertain the cause 
of this increased effect; they found that when the wires 
were inclosed in a metal case, the force of the current was 
the same as if it had been sent through a solid iron. But 
when the tube was slit, or when the wires were not inclosed 
at all, the efficiency of the current was greatly heightened. 
. Dove found, on prosecuting his inquuries still ihrther, that 
two perfectly equal induction spirals, provided with different 
bars or seta of wires, even if they deflected the needle of a 
galvanometer equally, gave shoclu of unequal intensities; 
he therefore inferred that the increased physiological effects 
depend partly on the internal structure of the iron, pnrtly 
on the discontinuity of its mass, and that the greater effect 
is owing to the more rapid suspension of the current caused 
by this discontinuity ; the greater intensity of the shock, 
caused by rapidly establishing and breaking the contact of 
the battery, admits of a similar eiplanation. 

6.) One of the sini])lest and most ingenious contact* 
breakers for machines of this kind, has been invented by M. 
Wagner, of Frankfort-(»n-t1ie -M rme: it possesses the advan- 
tage of simplicity ot construction, and also that of having 
its motion umintained by the electro-magnetism elicited, in 
this respect resembling lUtclucs rotating electro- magnet. 
Fig. 252, will show its construction; the mechanical com- 
bination wilL however, adroit of various modifications. 
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1 1 is a sectional view of a 
double induction spiral, r r 
IS the wooden roUer on which 
the inner spiral of stout oop> 
per wire a is wound, this 
senres as a conductor of the 
primary current, and over 
this the finer wire b is 
wound as a conductor of the 
secondary current; m is the 
bundle of iron wires in the 
axis of the spiral, projecting 
with its lower pole a little 



beyond the opening in the wooden cylinder. The end z of the 
wire forming the inner spiral is connected with one pole, 
and the other, x and y, is connected with the other pole of a 
constant battery. The portion of the conductor f e h p be- 
tween the two bindinjT-screws x and y, acts as the contact 
breaker. It consists of a copper wire, flattened at / into a 
feather-edge, which may be soldered or screwed on to the 
binding-screw, x, A leaf of iron, e, is fiwtened on tins wire 
under Sie electro-magnet ; at A it is bent downwards^ where it 
expands into the hammer terminating in a platinum point 
by which the conductor rests upon the copper plate ji^ which 
serves as the anvil. When the hammer rests on the anvil, 
the contact of the battery is established, and the bundle of 
wires magnetized thereby, attracts to itself the plate c, 
and thus raises the hammer h from its point of support/;. 
Contact is now broken, the wires part with their magnetic 
properties, the hammer again descends on the anvil, and once 
more establishes contact. This process is repeated so long 
as the connexion is maintained with the voltaic apparatus. 

The sparks of the extra current are emitted between the 
hammer and the anvil, and are most vivid when the surface 
of the latter has been recently amalgamated. A shock may 
be received from this current by connecting the metal con- 
ductors at X and y with its conductor. To observe the 
thermal, chemical, and magnetic effects, the bodies to be 
subjected to the action of each should be interposed between 
the binding-screws x and y, so that when the principal cur- 
rent is interrupted the circuit of the battery may be com- 
pleted by them. 

To use the phyriological influence of the secondary cur- 
rent, the conductors are to be connected with the ends of 
the wires of the outer induction helix. 

The shocks emanating from long induction wires and a 
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large bundle of wires, especially if the primitive current pro- 
ceed Iroiii a platinum or carbon battery, are almost too 
strong to be borne, and may be transmitted through a cirele 
of 50 or more persons, if they lay bold of eaeh other with 
moist bftiids. 



§579. 

After the discovery of the magneto-electric induction currents, 
several philosophers applied themseWe* to discover bow they 
might be rendered oontinuousy and bow to convert their alter* 
nating direction mto a constant one. An af^iaratus fulfilling 
these requirements is termed a majfneto-electrU rUatory machine. 
Such a mricbinc may be used as a substitute in part for a com- 
mon oJcotrical machine, and in part also for a voltaic pile, as it is 
capable uf producing electric sparks, incandescence and fusion of 
wire, intense light at charcoal points, physiological effects, che- 
mical decompositions, and magnetic action of many kinds. The 
first machine of the kind was constructed in 183S by Pizii* soon 
after it was improved by Clarke and Ssxton, and recently it has 
been perfected by Von Ettinghausen and Dove. 

One of these aoachines consists of three principal parts, viz., a 
powerful horse-shoe magnet, capable of supporting from 50 to 
100 lbs. ; a keeper of soft iron of simil ir shape ; and two induc- 
tion helices, each of which goes round one leg of the keeper. 
The large magtiet is that pait of the machine from which the in- 
ductive influence emanates uninterruptedly, and which occupies 
the place of a permanent electric current The feeder Ibrros a • 
whole with the induction helix connected with it, and is that part 
of the apparatus on which the magnet exerts its inductive in* 
fluence, rendering the legs of the feeder magnetic, and thus ex- 
citing the secondary currents in the helices. Tliis feeder, or 
inductoTy as it is called, is fastened to a metallic axis, passing 
between its legs : by means of a wheel acting on this axis, the 
inductor is made to revolve rapidly, with its ends near the poles 
of the magnet. The extremities of the inductor, $ n, Jiy, 253., 
and the poles N S of the magnet, are alternately brought into 
two oppoate positions over against each other, and are then 
quickly withdrawn ; so that the end «, fo^ instance, which stood 
oppt^ite to N, will, after half a revolution, resume its original 
position. During such a half revolution of the inductor (by 
which its ends will be brought into the rcvL-rse posit ioti before 
the poles of the magnet so that s will come opjiosite to S and n 
to K) there will be an uninterrupted current in one direction 
through the helix.^ Its intensity will, however, vary, decreasing 
till it reaches a minimumt ancl then increasing to a maximum. 
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When the ends of the inductor have reached their new position 
with regard to tlie poles, the direction of the current in the 
helices alternates; and, on continuing to turn till the next oppo- 
sition of the ends of the feedci to the poles of the magnet, there 
vrUl be a similw vsilation in the intensity of the new current ; so . 
that, with s continued rotation'of the inductor, there will ensue a 
corresponding variation in the directions and intensities of the 
currents generated. But that the currents induced in the 
helices, whether with or without a break, may be carried in one 
single direction by means of a condtictor, the two free ends of the 
wires must be so connected with one juu t of the revolving axis of 
the inductor that it may in a measure embrace both the poles 
firom which the current proceeds. To effect this, that part of the 
machine is so contrived that it performs the office of a commu- 
tator or gyro trope (§ 546. )> by means of which, after every half 
turn, the direetion cSf the enrrent in the induction helioes is r^ 
versed, and as this reversal is opponte to that which obtains in 
the feeder of the inductor, the current is maintained in one con- 
stant direction. To break the current, which is necessary for 
many piirj)Oses, some contrivance must be made with the com- 
mutator by which the continuity of the conductor may be broken 
for an instant every half tuni uf the inductor exactly when the 
current is at its maximum intensity. There are various ways of 
Attaining one or other of these ends ; and in the mode by which 
they are accomplished consist the chief points of distinction in 
the various machines of difierent philosophers. 

In order conveniently to obtain the various effects enumerated 
above with such a magneto-electric current, the resistance to 
conduction must be estimated which the current will have to 
overcome in the bodies on which it is to act. If this resistance 
be but small the induction helix will rei^uire but few coils; but 
a thicker wire must be used. The ends of the wires of the two 
helices are to be so joined together that the current in them may 
move on in one direction, by which means the whole wire wiil 
act as if it had half the length and twice the strength. This 
quantity indiutorf as Von Ettinghausen calls it, acts in a manner 
analogous to a simple hydro-electric battery having a large ex- 
cited surface. It serves principally foi* generating sparks at the 
break-piece, tor tlie phenomena of incandescence, and for the 
magnetic operaticjiis ; for these last, however, the current ought 
not to be broken, nor ought its direction to be changed. On the 
contrary, if the current have a considerable resistance to over- 
come^ as happens when it is to be conducted through the human 
frame, or when employed to effect chemical decompositions, its 
intensity must be increased ; which is effected by using a helix of 
finer wire wound several thousand times, so that it forms one con- 
tinuous whole round both the legs of the feeder, like the helix 
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round an eltc tro-miij^net The same effects may be produced by 
means of sucli an iuUnsity inductor as with a voltaic pile consist- 
ing of a larg^ number of fwirs of plates. It is therefore used 
chieBy for generating powerful physiologieal effects by alter- 
nately breaking tbe current* for raising charcoal points to a state 
of incandescence* and Ibr chemical action ; the current, however^ 
must in these cases remain unbroken, and with its direction 
unaltered. 

Fig. 253 a. gives a birdVcye and fig. 25S a perspective 
view of a inatjneto-clectric machine. NJS is a powerful 
compound magnet, tautened in a horizontal position, a and 
n are tbe induction hdiices of the feeder, whose axis a 6 
connected with tbe large wheel W by an endless strap, 
wbiob runs over tbe small grooved wheel r : this seta it in 
motion, so that its polar surfiices turn round close to the 
poles of tbe magnet. The part ch of the axis acts as a con^ 
mutator : it consists of two parts, one of wlilch m has a me- 
tallic connexion with the feeder, while the other;; is insu- 
lated by a cap of liorn or wood slipped over it. The free 
end of one induction helix is connected with tlie feeder ate; 
that of the other, on the opposite side, with the insulated 
metallic cap p; so that in this way the two metallic capsules 
p and m secure tbe ends of the helices from which the cur- 
rent flows. Tbe conduction of the current from these parts 
is eflPected by two steel springs, one of which/' lies above 
and the other g under each of the metallic caps, and which, 
bein«T screwed on brass or copper stems are connected with 
two binding screws P and IVF, which thus, in a manner, con- 
stitute the two poles of the entire machine. If now we 
assume that in the position of the helices represented in Jig, 
253 a. P is the positive and M the negative pole, after one 
half turn of the inductor P would become the negatiTe and 
M the positive pole, the direction of the current would con- 
sequently be reversed. But so soon as this change took 
plsce in the two induction spirals, the electrical condition of 
the polar surfaces p and m of the comnnitntor would be 
revcr^^cd too; and as at tbe same time whuii this happened 
the two springs /and cj^ by which the cuiit.nt is conducted 
to P and are brought into cuntact wiili these oppositely 
electrified parts pm^ the current becomes again changed; 
whence it is readily seen, that if P and M are connected the 
current goes unchanged as to its direction from P to N. 
To give shocks and to emit electric sparks a rapid succession 
of breaks b indispensable. Tbe break must occur on the 
current's attaining its maximum intensity, which happens 
, when the induction helices are midway between the two 
pules of the magnet, or vertically one above the othei^ as io. 
VOL. ui. a 
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Jig. 253 6. To effect this there are depressions or boles o. 
Jig. 253 a. in the middle of the two halves p and m of the 



Fig, 253 (u 




Fig, 253 b. 




commutator; t. e. about 90^ from the places where the 
change occurs in the current. The forked spring/ is then 
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SO placed tliat one half lies on the part p of the capsule when 
it moves on without any break, whilst tlie other is bent so 
tiiat it fallb into the depression o as the inductor turns round, 
and thus breaks the conduction and tlie current ; in like 
maoner, the second spring g is beot so as to come on the 
unbroken part of the oommutalorai. This position of the 
spiiogs is ^own in fig, 253 c. 

To obtain the physiological 
Ftg*25Ae, Fi0*2SSd, effects, and especially the mag- 
neto-electric shocks, in rapid 
succession, connect the metallic 

coiiciuctors (§ 515.) with the 
binding screws I' and M ; grasp 

one in each band; and set 
the machine in action. Two 
slioeks will be felt at each 
revolution, and if the inductor 
be whirled round rapidly the muscular contraction will 
become too violent to be borne. The same arrangement 
of the springs will serve to show luminous phenomena as 
generated by magnetic induction. They will be visible at 
the breaks in the conductor at the instant when the spring/ 
&lls into one of the holes o. A vivid white electric light 
will appear in the ^ocv^i and if a steel spring be presented 
to it, it will immediately be siunounded with reddish sparks. 
As we have already remarked, these phenomena will be most 
brilliant if a quantity inductor is used, in which, case the 
sparks will frequently have a length of several inches. The 
chemical effects, for yjroducing which the intensity inductor 
will be the best adapted, may be obtained by using n con- 
stant direction of the current (which may be ensured by 
placing the springs / and^ in the position /ig, 253 a.), and 
connecting the eketrodes of a decomposing apparatus with 
the two binding screws Pand BC* The decomposttton of water* 
as also cf an alkaline or heavy metallic salt, may be effected 
in the same manner as by a hydro-electric current. Wool- 
rich in England and Stohrer of Leipzig have successfully 
Applied these currents to electro-prildin^ and silverinc^ (vide 
§ 519.). The splendid light of the cliarcoai points is obtained 
by using two of these points to establish contact (§ 514.), 
having previously connected them with the poles of the 
machine. To render platinum wire incandescent the quan* 
ttty inductor should be used as shown in Jig, S53 a> : secure 
a short, thin piece of platinum wire between two copper 
wires covered with silk and twisted into a fork, their other 
ends being fastened in the binding-screws P M. In like 
manner thin iron and steel wire may be burnt; or twist the 

a 2 
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wire you intend to burn about a wire of pure metallic cop- 
per connected with one pole of the machine, and touch the 
other pole with the short frt e end of the iron wire. Lastly, 
to produce its magnetic elTects, such as the detiection of the 
needle, the excitiition of temporary magnetism in metals 
and electro>magnetS| and the various electro-magnetic rota* 
tioDs, coiiTey the eonstaot eurreat of the quantity inductor 
fhrni the two poles of the maehine through the electro-mag* 
netie apparatus used in the particular experiment. 

An electro-magnet may be substituted for a steel one in 
ihese machines, and then the rotation of the inductor will l>c 
effected by the chan;res of the current in the electro-magnet. 
This variation was lirst introduced by Pohl. 



§ 580. 

The discoverer of magneto-eleetricUy could not fail, from 
working out the laws of maj^neto-electric induction, to ha2ard a 
conjecture that the earth itself must necessarily act in this respect 
also like an electro-maf^net. At first he succeeded only indirectly 
in obtaining such an etfect from terrestrial magnetism by thrust- 
ing an induction helix over a bar of soft iron, the ends of the 
helix bdng connected with a delicate galvanometer, and then 
placing the bar in the same position as ihe dipping-needle.- By 
the inductive in6uence of terrestrial magnetism the iron bar 
ac(|uiTed a north pole at its lower extremity (vide § § 446. and 
457.), and thereby Induced a current in the helix, which, ns the 
deflection of the galvanometer showed, was the same as we siiould 
have had by inserting the north pole of a bar magnet within the 
fielix (§ 575.). The same effect followed when the helix was put 
iii the position of the dipping-needlej and the cylinder of soft iron 
was thrust into it On withdrawing the cylinder the needle was 
deflected in the contrary direction, precisely as if the' north pole 
of a bar magnet had been wiihdraxvn from the helix. Faraday 
subsequently succeeded in producing induced circulating cur« 
rents, in various ways, by the influence of terrestrial magnetism. 
Copper wire, for instance, was coiled round a rectangular wooden 
frame, each of whose sides was about two feet long, and the ends 
of the wire were connected wilh a delicate galvanometer ; the 
frame was then set in rapid motion, with its plane in the mag- 
netic meridian. It was turned from W. to £., and the deflexion 
of the needle showed that an electric earrent was produced 
answering to the terrestrial current, which, from Ampere's hypo- 
thesis, is supposed to flow from £. to W. On withdrawing the 
conductor from this position, or on rci-ersing the movement» 
the needle was deflected in the contrary direction. These effects. 
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which are extremely feeble of themselves, muy, by a number of 
movements answering to the vibrations uf the neetllc, be so in* 
creased in force at> to deflect it 180^ from its normal position. 

$581. 

On tbo eloctric currents excited by !iia[^iietlc induction depend 
all the j)henomena which conducting bodies display when magnets 
are moved over them, or inversely when the conducting bodies 
themselves are in motion and their movements are affected by 
the aetioD of mAgnet& These pbenomena may be divided into 
two classes, viz. such as attend the vibrations of magnetic needles 
in a state of proximity to non-magnetizable bodies, and such as 
arise between a magnet and one of the«>e bodiea» when one or 
other is mnde to rotate near to the other. The general name of 
Rotatory MagtuUitm Las been given to all this class of phe- 
nomena. 

§58S. 

Among theJ5e phenomena must be reckonod the diminution 
sustained by the oscillations of a magnet perfoDnrd above a plate 
of metal. The isochronism of the oscillations continues unim- 
paired, but the arcs moved through by a decimation and by a 
dipping-needle^ as also those of a magnet swinging as a pen- 
dulum, are less if performed in the proximity of a mass of metal 
than they would otherwise be. The influence exerted by the 
metals varies in d^ree, that of copper and silver being greatestt 
and that of mercury the least ; in all ca^tc:; the effect is Increased 
as the metal is brought near to the oscillating magnet. 

The phenomena (see § 463.) observed by Coulomb in 
1802, and by Hansteen, were owing to these influences. 
Arago investigated the subject more closely in 1824, in 
order to discover what influence the ditferent metals exer- 
cised on magnetic needles vibrating near them. Seebcck 
pushed his researches still further, and arrived at the follow- 
ing important results. He first finind the relative retarding 
force of the different metals on a magnet. A declination 
needle which performed 'JIG o<?cillation3 in the coinmon air 
in reducing its arc from 4,'>° to 10*^, had its excursions 
reduced equally when the tbliowing metals were presented 
to it at a distance of 3 lines, viz. 

OvtT Mercury after 1 12 oscillations^ 

— I^ismuth — 106 — 

— Platinum — 94 — 

A 3 
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Over Antimony after 90 osciiiations. 

— Lead i- 89 

^ Gold ^89 — 

— Zxne 71 — 

— Tm — 68 — 

— Brass —62 — 

— Copper — 62 — 

— Silver — 55 — 

— Iron — 6 — • 

He found further that the retardliifj effect incrpa<?ef! as the 
number ot plates, or the thickness of the single plate, if one 
only were used, was increased ; this must be considered as 
holding good only within certain limits, no corresponding 
^ influence attended an increase of the surface ; the effect of 
' all the metals diminished exactly as the distance increased ; 
the number of oscillations underwent no change if glaaa» 
wood, or paper, were interposed between the metal and the 
needle ; heating the metal plate produced no modification 
in its influence ; any disturbance in the connexion of the 
differcrst parts of the plates diminished their influence on 
the magnet, and lastly, heavy needles were more easily 
affected than light ones. 

Arago found in 1826 that even non-metallic substanceSf 
as water, ice, glass, &c., exerted a disturbing influence on 
the oscillations of needles but in a much lower degree than 
the metfls. 

4 
% 

§ 583. 

Immediately connected with the phenomena we have Just 
explained^ are those which arise when a magnet at rest is sus- 
pended over a metal plate in a state of rapid motion* or when a 
horse-shoe, magnet revolves with its poles uppermost beneath a 
plate suspended horizontally above it. These are properly the 
phenomena of magnetic rotation; thev were first noticed by Arago 
in 1826, and have since been repeatedly observed by other philo- 
sophers. 

They are as follow t 

A declination needle suspended a little above a plate of metal 
is deflected from its polar position on a rapid rotation being im- 
parted to the latter about its centre ; its deflexion will be in the 

same direction as that in which the plate turns ; it increases as 
the rotation becomes ^nore rnpid, and on its amounting fO 90^ 

the needle revolves with tlie plate. 

Babbage and Herschel performed the converse of this experi- 
ment of Arago's, by making the magnet to revolve under a 
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Fig. 254. 



metal plate suspended freely above it, and found the movement 
of the plate in this case to correspond with that of the needle in 
the fonner. 

FSnt ExpL These ezperiroents inll be most ctsily per- 
ibnned by using the whirling table {fy. 7. voL L), on tfa« 
revolving axis of which ftsten a copper plate two or three 

lines in thickness, and cause it to revolve with sufficient 
rapidity. Over the copper plate or disc place a table, fg. 
254,» in which a circular hole is cut of the same size as the 

disc ; clo<;e the opening with a pane of 
glass, and bring the revolving metal as 
near as possible to it Now set a bell 
glass on the pane of glass; thefonner 
must cotatain m pretty strongly magu 
netized steel bar fii» suspended by a silk 
thread ; this magnet should be made to 
rise or fall at pleasure by means of a 
roller r. Tlie intensity of the action 
which the revolving disc of metal exerts 
on the bar magnet, the velocities I>eing 
equal, is greatest when the magnet is 
nearest to the glass plate, and it de- 
creases in proportion as its distance ia 
increased by winding up the roller. 

Dr. Bottger advises thai instead of a 
common bipolar magnet wc should use 
one whose two ends are equal and similar poles. Magnets 
of this kind are almost indifferent to the influence of terres- 
trial magnetism, and are equally as strongly magnetic, 
which last circumstance is of considerable importance to 
ensure the successful peHbrmanee of these experiments in 
rotatii^ magnetism. One of these tripolar magnets will 
instantly follow the copper plate, even if the latter revolve 
with but a moderate velocity. We have already stated in 
§ 454. and § 567. how these astatic needles may be easily 
made ; it is worthy of remark that those made in the latter 
of these ways by means of the electric current are generally 
more powerful and more completely neutralized. 

Second Expt, Instead of the copper disc, now place a 
powerful horse-shoe magnet on the axis of the whirling 
table with its arms upirards, and suspend a copper disc in 
the bell glass instead of the magnet» as in the first experi- 
ment : on causing the borae-ahoe to levolvoi the copper plate 
will turn round also. 

In both these experiments the intensity of the action will 
be affected by substituting plates of some other metal instead 
of copper. Babbage and Herschel have in a twofold manner 

A 4 
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invcftigftted the difierent degrees of magnetic excitability in 
Yurtovs metak. Aminunip that of copper the results 
were hj one mode 

Copper = 1*00 
Zine » 0*90 
Tin - 0'47 

Leikl e 0-^25 
Antimony = 0*1 1 
Bismuth >s 0*01 

and by the other 

Zine «> I •] I 

Copper « I -OO 
Tin « 0-51 

Lead r» 0-25 

Antiuiony = 0 01 

With rcG^ard to the other metals, silver seemed to hold a 
high rank in the series, atid ^o]d but a low place ; rnercurv, 
with respect to its magnetic iorce, stoud between antimony 
and bismuth. 

Non-metallie substanees exerted but little influence^ and 
metallic plates when brokeut were far less powerful than 
when whole. 

Screens of non-magnetizable substances, t.e. such as could 
not be rendered magnetic in the same way as iron and steel, 
excited no influence n hatever. 
Everv revoh mc:; metal cii^c exerts a repu]>ive influence on the 
N. and S. poies ot a bar magnet i>ui»pentied above it. This may 
be shown in the following manner: 

Third Expt, Hang a magnet vertically from one arm 
of a balance, counterpoise it by a weight at the other 
arm. When thus balanced, place the magnet above a 
copfier plate that is revolving rapidly, and the arm of the 
halance will fly up whichever pole may happen to be lower- 
most. 

Kverv metal disc in a state of rotation fias a circle of in- 
diflference, over which if a magnet be suspeiitleil vertically its 
position will not vary, but if it be hung within this circle, it will 
be attracted towards the centre, if without it, will be repelled 
fiom it. Iliis may be proved by the following experiment. 

Fmarth BxpL F^ure a dipping needle which may be 
made to stand vertically, cither by loading its north pole, 
or by bringing its axis of rotation in the magnetic meridian; 
place it above a revolving copper plate, so that its motion 
may follow in the direction of the radius of the disc, and 
the following cflTects will be observable : 

a.) If the north pole stand above the centre of the disc, 
the needle wiU remain at rest 
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i.) Move it back a little beyond the centre and till it 
smves at the circle of indifference, it will be deflected 
towards the centre* 

c) On coming over the drde of indifi^rence it again 
becomes vertical. 

d. ) If carried beyond this ciicle it inclines towards the 
circumference of tlie disc. 

Instead of a cllpi)iti<i; needle, a strongly magnetized seu-ing 
or knittitii: noi dle may be used, which must be suspended by 
a fine thread above the plate in the diiferent positions that 
have been just described. 
Arago endeavoured to account in the following maniier for the 
three different motions which* a revolving metal disi^ generates 
in a magnet, by supposing that its influence was exerted in a 
three-fold direction, viz., at right angles to the radius of the disc,, 
or t mienti'illy to the direction in wlilc h if rovolves; secondly, at 
r.'^hi angles to the plane of the disc, and tliudly, in the direction 
of its radius, i. e. in opposite directions from the point of 
indifference in each of its serai-dianaeters. The revolving motion 
of the magnet or disc answers to the first, the repulsion of the 
magnet's poles from the rotating metallic surface to tlie second, 
and the opposite tendencies of the dipping-needle from the re> 
volving dise^ c|rc]e of indiflRirence are owing to the third. 

$ 584. 

As these phenomena were observed prior to the discovery that 
electric currents might be generated by magnets, it was at first 
attempted to account for their existence by referring them to the 
ordinary inductive influence of magnetism. Faraday recognized 
the true cause of all these phenomena in the electric currents pro- 
duced by magnetism, and succeeded in experimentally verifying f 
the accuracy of his supposition by proving the existence of such 
magneto-electric cnrreiits in a plate of copper which he made to 
revolve in proximity to the pole of a powerful magnet. 
The following are the experiments : 

First Expt He made a copper disc C, Jig, 
Fig, 255. 255. to revolve about a horizontal axis betw<ren 
the poles 8N of a powerful faorse^shoe magnet, 
so that its upper edge coincided with the plane of 
the polar surfoces, as is represented in xhefg,^ or 
he even allowed the edge to project a little within 
the magnet : one wire of a delicate galvanometer 
was then put in contact with the amalgamated 
edi?e of the copper disc, and the other with its 
iiietallic axis; then when the disc was made to 
revolve, the galvanometer needle was deflected ; 
the side to which it was deflected depending on 





Digitized by Google 



250 faka0ay's KXrs&iKEsrr. 

the dueedmi in which the dise wm tufncd. Whm vanim 
to lefolve one way, the needle showed • eoncnt whieli 
^wed from ihe oentre of the diae to its upper edge, when 
turned the Other way the eturrent ran from the e^g^tothe 

centre. 

Both dircchons answered to the laws of mac^rictic in- 
duct ion, § 575., as may bt; perceived from Ji(j. 
Fig, 255 a, 255 a, For let tlie squares S and N represeut 
the poles of a horse-shoe magnet and the amwa 
in them the course of the currents according to 
Amp4re*s hypothesb ; it is clear that these cur- 
rents have the same direction at the contiguous 
sides of their poles and consequently at the sides which in the 
experiment just described are next the disc. Now let the disc 
revolve so that its upper edge shall be in the same direction 
with these currents,!, e. in the direction of the arrow ah, and 
the galvanonieter will indicate a current proceeding from the 
centre of the disc towards its edge ; but if the rotation were 
reversed the needle's dsAeetion would show that the current 
went from the edge to the centre. 

Next, break the connexion of the disc with thegalvanometery 
and the induced currents will neeessarily complete their course 
within the disc Itself, for they cannot be carried oft* by the 
wires after contact has been brolcen ; from these currents, 
then, those various iniiuenccs on the poles of the magnet 
are derived which generated this inductive action. 

Second Expt, After Faraday had, by lueans of the first 
experimentt establisbed ite production of induced enr« 
rents under the operaUon of the ahove-named influence* he 

took a rectilinear slip of copper a h 
fig, 256.* amalgamated its edges* 
on which he laid the copper cy- 
linder t ft, likewise amalp^amated, 
which was connected with the gal- 
vanometer ^r, and so formed the 
circuit egd '. on this strip of copper 
be placed the north pole n of a 
powerful magnet, and mored the strip under it, as from a 
towards A. This pole then excited in the conductor a cur- 
rent running, as the galvanometer showed, from n over d to ^ 
and 9t a course strictly agreeable to the laws of induction. 
Observe the currents existing in this poU^ accordinj^ to 
Ampere*s theory, as they are represented by the arrows in 
the^^M and in each constituent part of the strip a h, which 
approaches the pole, ex, gr., in c/ a current will be generated 
from e to y*, because the part e s of the current will act more 
poweriully than the part w n. Now if this portion come 
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under the pole, that is. If it be situated like ed^ it will recede 
from the current e $ and will be brought nearer to a w ; both 
will therefore act induetively in the same direction and 
hereby produce a more powerful eunrent in* the direction 
from c to ef. Again, if ef move farther, t. e* COme into the 
position of h k, it will be farther from the current w e, and 
consequently the current must now flow agnm from h to L 
If in this experiment the strip of copper be moved in the 
contrary direction, or if the north pole be substituted for the 
south, the currents will flow in the opposite direction to that 
lgi?en in the Jiff, 
Agreeably to this experiment, and in accordance with the kw 
of magDCto-electrie induction, a ^ar magnet standing vertically 
above a rotating metal disc and in its centre, cannot excite any 
current in the latter, because in such a position of the magnet 
with rep:ard to the AUc, the latter can neither approach towards 
nor recede from tlie former. But so soon as the pole of the 
mac^nct is moved hi yond the centre of tlic disc it will induce a 
current in the latter, which will fiuw in an opposite direction to 
the current Ampdre supposes to exist in the magnet at those parts 
of the disc which approadk the pole, and in the same direction 
with this hypothetical current in those parts which recede from the 
pole. Hence between the magnet and the parts of the disc which 
approach it repulsion predominates, whilst between it and the 
parts which recede attraction prevails, and on the resultant of 
these two forces the tangential, the perpendicular, and the radial 
action of the disc depend. 

If there be but uue pole above the disc of metal, as happens 
when a bar magnet stands vertically over it^ then the latter is 
affected by the two opposite systems of currents in such a manner 
that it is repelled by those which approach and it is attracted by 
those which recede from it ; the repulsion consequently predomi- 
nates over the attraction, and accordingly the pole recedes from 
the disc. 

Fiff» 257. will render this more intelligible. Let the 

larger circle represent the disc of 
copper revolving in the direction of the 
arrows, w and e ; let n be the north pole of 
a magnet, then the part ab of the diso 
corresponds with the strip of copper in 
Faraday's second experiment, and the 
current generated under the pole in the 
disc by the first experiment will go from 
the CLiUrc to the circumference, i. e, 
from rn top. But if the south pole, «, 
stand above the plate and uV is the direction in which it re- 
volves beneath it, then the induced current q m proceeds from 
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tbe periphery to Ihe centre. According to the rotation 
represented in the jig.y the current m p appro«ehes thai pert 
of the ma<rnet*8 cunent which it repels, end reecdee from 
that which it attneta ; repulsion consequently eiceeds at* 

•traction. Tlie same is true also of the current qm nf the 
magnet's south pole, whence at both poles there will be a 
repulsion of the disc. 
If a iKir magnet be suspended horizontally above a rotating 
metal plaie the two systems of electric currents generated by 
the poles both in tbe approximating and in ^e receding por* 

tion of the disc^ tend to move the magnet 
in one directioii, as is shown by the arrows 
in Jip» S58, ; hence results the tangential in- 
fluence which drives the magnet io the direc* 
tion in which tlie plate is turning. 

This case may also be simply ex- 
plained bv reference to the law by which a 
current Howijig uiider a mHgiietic needle 
' repels it (§ 546.'). In 258. let the UrfStr 

cirde represent the eopper disc revolving in 
the direction of the arrows w and <» then we shall have un^ 
der the not th pole n a current running from the centre to 
the circumference, t. e., from Mtopi under the aouth pole 
#, on the contrary, we have a similar one from q to sip in 
other words, from the circumference to the centre. Botil 
currents combined flow then, with this rotation of the dis^ 
frorn the south pole to the north pole, under the magnet ; 
both poles will consequently be repelled by the^ currents 
in the same direction as that in which the rotation itself 
obtains (compare § 546. I.). In like manner tbe motion of 
tbe magnet may be explained if the copper plate be made to 
turn in the contrary direction. 
liBStly, conceive the pole of a dipping- needle to stand verti- 
cally over some point of the rotating dise, so tluit it can move 
only in the direction of a radius of the disc ; describe a circle 
to represent the sphere of the pole*s influence ; then the re- 
sult attending the action of these electric currents will vary 
according as this circle fiUls within the revolving disc or projects 
beyond it, and according as it inclndes within itself the centre of 
the disc or not. If the circle Ml entirely #itbin the disc, while 
the centre of the disc lies vrtthout the circle, then the pole will be 
acted on in the direction of the radius by equal and opposite 
forces, and the needle will consequently be at rest, for it will be 
over the circle of indifference, the width of which it is evident 
must depend on the sphere of the magnetic pole's influence. 
Place the pole of the magnet so near the middle of the Jxbc tliat 
it^ centre shall lie within the sphere of its influence, and the 
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needle will be deflected towards the centre, the outward influence 
of the electric current preponderating. Bring the pole of the 
magnet towards the edge of the disc, so that the circle of its in- 
fluence shall fall partly beyond the disc* and the inward portions 
of the current will preponderate so as to cause the* needle to 
incline towards the circumference. 

Again, in fig* 259. let the largest circle represent the cop- 
per disc, revolving in the direction of the 
Jr%^, 259« arrows plact'd outside it ; let n be the north 
pole of the magnet held above it in the 
** various positions already spt-ciiied, and let 

the lesser circles about » express the spiieret* 
within which the influence of the pole is 
confined. The arrows in these lesser drdes 
will mark the direction of the electric cur- 
rents in the magnet*. Then the plate being 
turned round as shown in the fig, (accord- 
ing to Faraday's fundamental experiments), tlie induced 
currents flon- froni the centre to tlie circumference beneath 
the pole, and boLli portions of the currents, c n and n vi n 
and n r n and n act repulsively and in opposite direc- 
tions on the pule of the magnet. Hence it is seen tliat in 
position L 'the portions « » and n p of the current repel with 
equal ultenstties, and accordingly the position of the mag- 
net's pole* remains unaltered ; but in position II . when the 
centre m lies within the sphere of the pole's influence, the 
repulsive force of tbo j^ortion n q preponderates over that of 
m n, and the pole is consequently driven inwards. Lastly, 
in position I If., where part of the sphere of the magnet's 
influence lies beyond tlie disc, the repulsive action of the 
part r n of the current exceeds that of 8 n, whence the 
needlfi will be deflected towards the rim of the disc 
The retarded motion of a magnet oscillating above a metallic 
disc, admits of a similar explanation ; for when the magnet oscil- 
lates, its inductive influence generates a tendency in the disc to 
follow its oscillatioas, but as the latter Is unable to obey this 
impulse, the currents induced in it obviously have a retarding 
effect on the motion of the magnet, whicli will accordiugly come 
to a state of rest «;ooner than it otherwise would. 

Since electrical currents may with facility be excited in the 
metals when the latter are acted on ^her by artificial magnets 
or by terrestrial magnetism, Faraday is of opinion that no 
motion takes place in a metal without electrical currents beii^ 
excited in it, if during its change of place it be in contact with 
other metals either at rest or in motion, or if the velocity or 
the direction of its motion difTcr from tht'»rs. He furtber inferred 
that electrical currents may result from the earth's rotation uu 
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Its axis, and from its own proper magnetism, both in its own 
mass and in such bodies as lie in the raaja^netic meridian ; he 
would account for the aurora boreaiis (§ 543.) by aLtributing it 
to diflcliargeft of electricity driven by the earth*s diumil motion 
towards the poles* and which endeavouis thus naturally to diffuse 
itself over the equatorial regions. 

§ 585. 

An account of the various modes cjf exciting electrical currents 
may very properly be terminated by an explanation of electrical 
Ule^raphingt one of the most interesting applications of modera 
science. 

In this mode of tdegfaphing, the electric current is used to 
convey our thoughts, the signals being given by the diflferent 
actions of the current that is carried from station to station along 
insulated conductors. While the current generated by fi ictional 
electricitv was the only one knou'ii, experiments on this subject, 
performed in the last century, were limiud to the use of a dis- 
charge obtained either from a Leyden jar, or from an electrical 
battery, and the correspondence was carried on by the luminous 
phenomena elicited. This mode of telegraphing was especially 
defective in this, that the signals could not be made to follow in 
sufficiently rapid succession^ and on account of the high tension 
of frictional dectricity, it was extremely difficult to insulate the 
current. This last obstacle was subsequently ^oi over by the 
application of the rnltaic current, whose chemical effects were 
used as telegraphic signals, but even thus every rctjnisite \v;is not 
fulfilled. But when Oersted's splendid discovery was announced, 
and it was seen that feeble electric currents would produce a 
variety of magnetic actions, electrical telegraphing received a new 
impulse, and there are established in EngUmd, Germany, and 
America, several lines where the results are as complete as «ouId 
be desired. The currents are excited either by hydro-electric 
batteries, or by magnetic induction (§ 57?t.), and rotary machines 
(§ 579.); the telegraphic sirrnals aie either the deflexions of 
magnetized needles, or the i intermittent excitation of magnetism 
in electro-magnets, or the physiological phenomena. 

The superiority of this mode of telegraphing over those which 
were previously in use, and in which the transmission of our 
thoughts depended on the velocity with which li^ht was propa- 
gated, will be seen, if we briefly explain the prmciples of the 
latter. The signals made at any one station in optical ttUgraphingt 
on account of the rectilinear propagation of light, will be 
visible only when the light falls in riglit lines upon the signal 
boards. To extend the circle of vision, the posts must be erected 
on high emiuenccs, and, on account of the earth's curvature, the 
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distance from stntlon to station must not be great. Tims the 
advantage gained by the p;roat velocity of light will be neutral- 
ized, as much delay will be caused by the iL"[)Ltiuon of the 
signals at the intermediate stations, and much o\|icjise will be 
also incurred. A still more serious defect is, tliat these tele- 
graphs are not avaUable at all times, on account of the frequent 
hudrances which interfere with the light in its passage through 
the atmosphereii Lastly, the machinery, as a whole, by which 
the signals are made, is so cumbrous in its form that very great 
Telocity cannot be attained in signaling. 

In ehctrtcnl telegraphing the signal can be sent either way ; the 
action of tlie current, by which the signal is made is independent 
of the nature of the country, or the variations in the weathor: it 
is therefore available at every season ; the stations may be wider 
asunder ; no expensive building are needed ; and on account of 
the high vdocity of electricity in good conductors, as compared 
with &at of light (comp. § 206. imd § 477. )t it would be pos* 
sible to telegraph with our antipodes, without any intermediate 
station, in rather less than 0.05 of a second of time, supposing 
the current to be strong enough to overcome the resistance to 
conduction, and to make the appointed signal. One essential 
and important ditierence between tiie two methods is, that the 
air itself served to convey the signals of the optical telegraph ; 
we have no such universal medium for transmitting the signaU 
9i the eleetrieal telegraph. 
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Vol. IL Page 14S. 

pROFESsoaMoserof Konip^sberg enterUins a somewhat diflferetit 
opinion} as to tbe origin of the photographic pictures, from that 
expressed in the text. Since the publication of the experiments 
which led him to form this opinion, they have been repeated with 
variations by Knorre, Hunt, Karsten, Waidele, and others. The 
result was that Moser's observations wore confirmed, but ad- 
ditional effects were noticed that could uut be iuliy lecunciled 
with the theory this professor had advanced. It may not be 
amiss to give a brief sketch of Moser*8 discoveries, and of the im- 
portant inferences he deduced from them ; we shall then mention 
the theories which have been formed by the other philosophers 
just named. 

Moser ascertained, from a great varioty cf photojrra])hic ex- 
periments, that Light was not the only aj;i nr that jiniiartid to 
certain substances the property of condonsino; the vapoius of 
mercury and iodine on those parts o{ their suriace which were 

subjected to its influenee» so as to depict upon them a re* 
presentation of the object from which the light was emitted ; butt 
that the same effects were produced in the absence of any per- 
ceptible light; that images were obtained not merely when 

silver plates were used that had been prepared in Daguerre's 

method, but on many other substances ; tlmt other vaporizable 
bodies, besides mercury and iodine, were et^uaiiy elhcacious in 
acting on duly prepared surfaces. 

The following are the principal experiments peribrmed by 
him:— 

A coin was laid on a clean well-polished glass plate^ the latter 
was breathed on and the coin was removed ; on breathing again 
on the glass the outline of the coin became visible. Breathe uni- 
formly on a clear pane of glass, and write on it with blotting 

paper, pencil, or indeed with almost any material ; allow the glass 
to dry» and, each time that it is breathed on afterwardsj the writing 
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will become visible; this experiment may be repeated for a 

considerable time. 

Other polished substances will do equally well with glass, as 
Moser found by using plates of metal, stones, resin, wood, leather, 
&c. ; it is by no means indispeusttble, that the surface should be 
polished, as the phenomenon obtained when ground glass was 
used. 

The euf&oes of liquids are also adapted for these experiments.— 

Hold any body over some quicksilver in a state of repose, and 
breathe on the other portions of the fluid, or, it will be better 
still, if you breathe on the mercury first, :md remove the moisture 
lightly, by any means whatLvn from certain parts of the surface, 
and if the metal be not disturbed, the traces will be distinctly 
seen for days whenever the mercury is breathed on. 

Immediate contact is not essential, in order to produce these 
iqppearanoesb either prior to breathing on tihe surAics^ or in order 
to remove tiie moistuie from particular points of it Hold a 
sereen in whioh some apertures have .been made, over any 
polished body, so that it may not touch the latter, breathe on it, 
and nllow the moisture which is condensed to evaporate; the 
figure of the apertures will be renewed at every subsequent 
breathing. 

T\]ii vapour of mercury acts in the same manner as that of 
water, but more powerfully. Expose a polished silver plate to. 
this vapour without breathing on it, and a beautifully distinct 
image trill be Ibnned of the objects previously in actual or in 
proximate contact with the plate* 

Moser tested in like nuomer the vapour of iodme, which is 
peculiarly intcrestmc^, hecfiu«;e it combines chemically with the 
silver, whereas the mercurial vapour is merLly condensed without 
effecting any chemical change in the substiince of the silver. 
\V hea a prepared silver plate was exposed to the action of the 
vapour of iodine, in some cases, an image of the objects that had 
previously been in contset with it, was Indicated 1^ a diflbrence 
in the coUmrv^ but whenever the plate was exposed (as in taking 
the Dague r reo typ e pictures) to mcrcuiial vapour, a perfectly di^ 
tinct image was invariably obtained, the daylight bringing out 
the delineation of the objects with the utmost exactness. 

From a consideration of these facts, Moser drew the following 
important conclusion, that if the surfdre of n body he brought in 
contact at certain points with any other body whatever, it acquires the 
property of condensiny all such vapours as adhere to it or with which . 

Hence then we obtain the picture of the touehing body. 

The most important point in these phenomena, as far at least 
as regards the inlbienoes deduced from it, is this, that these pic* 
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tures wmj be produced by contaet and oondeittatioD» when all 

light is completely excluded. Hence he goes on to say, that the 

contact of bodies, tJiP condensnfwn of vapour and the action of light 
bring about similar cluinges in bodies, and tiiat those clianges which 
nre produc^ by the first two modes, are merely tju: fffect of 

LIGHT WHICH IS TOO FKEBLE TO BE 4PP&KCIABLE BY OUR OAGANS OF 

SIGHT. Moser's idea is that all bodiu are to be considered at self" 
himintm s tbe light which emanatee firom daik bodies* he dis- 
tinguidiM as umnbU Ught He thus proceeds : If Tapoun aet 
in the same manner as light, then although there may he no 
yisible development of light, we must attribute the effects pro> 
duced by the condensation of vapour?; to an unseen influence of 
light, which when held in this state in the vapour may properly be 
spoken of as latent light, it is liberated at the moment when the va- 
pours are condensed, and exerts an injiuence and produces ejftcts 
resembling tliose of light in its ordinary condition. 

Professor Knorr Of Kasan repeated Moser's experiment of ob- 
taimng feeamiles of two bodies^ by placing them one on the 
other; and directed his attention chiefly to the remark made by 
the latter, that these pictures were both more distinct, and were 
obtained in a shorter time, when the two bodies were at different 
temperatures. His experiments proved, that on attaining a cer- 
tain ditrercnce of temperature, which, however, varied for different 
bodies, pictures might be obtained even when the vapours were not 
condensed. These pictureii became instantaneously visible; and, 
according to the methods used to produce them, they were either 
transient or permanent To distinguish them from the images 
noticed by Moser, Knorr called them Thermographs. He believed 
that they owe their origin, not merely to the difference in the 
temperatures of the two bodies, but also to the heights of these 
temperatures ; and as they are produced even when the tempera- 
tures of the bodies arc both equal and constant, he regarded Pro- 
fessor Moser's theory of invisible light as an unnecessary assump- 
tion, considering rather that tliis phenomenon may serve as a 
demonstration of the truth of Prevost's theory of exchanges. «~ 
(§385. p. 178. Vol. II.) 

Mr. Hunt of Falmouth, who perfiirmed the like experiments* 
is also of opinion that these pictures are the effect of a purely 
thermal influence. 

Professor Karsten has published another mode by which pic- 
tures of this kind may be produced. It consists in placing two 
bodies in contact, and sending electrical discharges through them ; 
breathe on them, and as the vapour is condensed the image is 
rendered visible. Karsten calls them electrical pictures. This 
phenomenon had, however, been previously noticed by Ftdessor 
Riess. Karsten by no means admits the hypothecs of the exist-' 
ence of invbible light; alleging, what indeed Moser uiidisp that 



it IS not to be attributed to solar light, but is to be considered as 
inlierent to all bodies : then says he, Probably it is not light at all, 
but rather the exertion of a force possessed by all bodies. He 
attributes all these piienomena to moiecnlar changes • and as lights 
heaty and eUctricity art all equallt/ efficacious in producintf ihem^ 
their cmue is rather to he mmght im the influence of eohesiem than in 
Ughi* 

Dr. Waidele cff Vienna has also tborongbly teatod the experi* 
meats and observations of Professor Moser ; and on comparing 
his own with them he thinks he is warranted in saying, that all 
the ejfectft of invisiUe light may he eTphtined hy rtfming tKem to the 
unequal capacities o f htuUes for absorbing gases. 

He found ttiat wlu n an object was brouitrht near to a polis'neti 
disc, the eiiects produced depended on the circuiiii>tance& in which 
the two hodies stood- with regafd to the gas they absorbed* a mu- 
tual aetion taking place ooly when they were in a diflerent con- 
dition. Either a coating of the absorbed gases was imparted to 
the plate, or a portion ol the gaseous atmosphere adhering to the 
plate was withdrawn from it by the touching body, or an ex- 
change of the gases each had absorbed was muide at their points 
of contact. 

A liquid or a gaseous liody brou<;ht into proximity witli the 
plate, as to touch it at certain points^ produced sim.ilar effects, 
inasmuch as it induced a change in the gaseous atmosphere about 
the plate. 

Tliese changes are rendered vinble by the condensation of the 
vapours on the platen whilst the colouring of the oondeiMed va- 
pour varies according to the slate of the gaseous atmosphere about 

the plate. 

The brief comparison we have just eriven of the dilfierent views 
entertained by several distinguished uiicn of science will show, 
that the important theory propounded by Professor IVloser with 
regard to invisible and latent light has not yet received the 
universal sanction of the sdentific world. The importance of 
the hypothesis, as being based on new analogies, which had been 
detected between light and heat» may well lead us to look for 
further investigation into the subject; and we may sincerely 
express a ho]}v that the tnlonted professor of Konig'sberg will pro- 
duce some further and conviucing evidence in favour of the theory 
he has advanced. 



Vol. IIL» Page 83. 

Mr. Grove has also made another voltaic battery, of a novel 
construction. It belongs to that class in which one boroo- 
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geneous electromotor is in contact with two heterogeneous 
fluids. In this case, however, oxygen anil hydroiren are made to 
take the place of fluids : they are connected by niean.s of acidu- 
lated water, and a strip of platinum in each gas acts as an elec- 
tromotoi . The platbum inmiened in the hydrogen is polarised 
(p. 75 ), so as to bring it into a state of more positive tension 
than that which stands in the oxygen ; the former is theiefofe in 
the same eiectromotiTe condition as if placed in concentrated 
nitric acid^ and the latter as if in caustic potash. This battery is 
known as the hydro-oz jgen battery. 



§511. Page 98. 

Lenz's recent investigations into the laws which regulate the 
generation of heat by hydro-electric ourrents» have led him to 
agree with Ohm and Vorsselman de Heer in rejecting Fcchner*8 
and Poggendorff's notion with regard to the existence of any 
resistance to lAe transmission nf the current. They attribute all 
these phenomena to the polarization of the metals, and give the 
following as the laws they have observed : — 

1. ) The polarization of the electrodes (metals) happens in- 
stantaneously with its full intensity when the current begins. 

2. ) It is not dependent on the intensity of the current, or on 
the size of the electrodes (their surfi^es in action?), at least, 
when the cnrrents are powerful, and the electrodes of considera- 
ble dimensions. 

3. ) It does depend on the nature of the electrodes (metals) 
and oh the fluid in contact with them, but not on the degree of 
its concentration. 

If, then, we regard the polarization of the electromotors (or 
metals) as a diminution of the electromotive force, which may be 
represented by we must change Ohm's ftmdamental formula 
ior the intensity of the current (page 101.), 

1 = mto 1=~ — 

K+r R+r 



Page 163. 

The latest and most complete thermO'^lectrie series is Mar 
chand*s ; it may be found in his <* Journal fiir Frakt Chem," 
xxix. S. 494. 

Lead-ore, amber, bismuth, nickel, English palladium, French 
palladium, mercury, French platinum, tin, lead, bronze, brass, 
gold, silver, fine silver, zinc, copper, Russian platinum, caibon, 
cast-iron, graphite, fusible metal, iron, arsenic^ antimony. 
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Page 186. 

Mr. FsTsday't diaoovery fbat a ray of light may be electrified 
end magiietiiedi and that lines of magnetio fivoe may be rendered 
linmnoua, is too important to be passed orer. The following 

abridged account of the paper which he read before the Royal 
Society in November last, is taken £rom the Athenaeum of 
December 6. 1845 : — 

Mr. F. stated that for a long time past be bad felt a strong per* 
suasion, derived from philosophical considerations, that, amon|[?the 
several powers of nature which, in their various lurms of opera- 
tion on matter, prodnoe different classes of effects* there exists an 
intimate relation ; that they are connected by a common origin, 
have a leeiprocal dependence on one another, and are capable, 
under certain conditions, of being conYcrted the one into the 
other. Already have electricity and magnetism afforded evidence 
of this mutual convert*d)ility ; find, on extending his views to a 
wider sphere, the author became convinced that these powers 
must have relations with li^rht also. Until lately, his endeavours 
to detect these relations were unsuccessful; but at lengtl), on 
instituting a more searching interrogation of nature, be arrived 
at the dSoovery recorded in the present paper, namely, that a 
ray of light may be electrified and magnetised, and that lines ot 
magnetic force may be rendered luminous. The fundamental 
experiment revealing this new important fact, which establishes a 
link of connexion between two f»;reat departments of n:iture, is the 
following : — A ray ot light issuing from an Argand lamp is first 
polarized in the hoiiiiontal plane by reflexion from a glass mirror, 
and tlien made to pass, for a certain space, through glass composed 
of rilicated borate of lead, on its emergence from which it is 
▼iewed throuf^h a Nichols* eye-piece, capable of revolving on a 
horisontal axis^ so as to interrupt the ray, or allow it to be 
transmitted alternately in the different phases of its revolution. 
The glass through which the ray passes, and which the author 
terms the dimagnetic, is placed between the two poles of a power- 
ful electro-magnet, arranged in such a ])o''itLon as that the line of 
magnetic force resulting from tiieir combined action shall coin- 
cide with, or differ but little from, the course of the ray in its 
passage through the glass. It was then found that if the eye- 
piece had been so turned as to render the ray invisible to the 
observer looking through the eye-piece belbfe &e eleetric current 
had been established, it becomes visible whenever, by the com- 
pletion of the circuit, the magnetic force ia in operation, but in- 
stantly becomes again invisible on the cessation of that force by 
the interruption of the circuit. Further investigation showed 
that the magnetic action caused the plane of polarization ui the 
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polariaed ray to rotftte^ finr the ray was again rendered visible by 

turning the eye-piece to a certain extent, and thnt the direction 
of the rotation impressed upon the ray, when tlio magnetic 
influence was issuing from the south pole and proct eding in the 
same direction as the polarized ray, was right-handed, or similar 
to that of the motion of the hands of the watch, as estimated by 
ao observer at the eye-pieoe. The direetioii in whieh the rota* 
tion takes place wiU, of course, be reversed by reversing either 
the oourse of the ray or the poles of the mafpaet. Hence it fol- 
lows that the polariaed ray is made to rotate in the same direc- 
tion as the currents of positive electricity are circulating both in 
the helices composinsr the clectro-nmirnet, and also as the hypo- 
thetical currents, whicli, according to Ampere's theory, circulate 
in tlie substance of a steel TnuiTTiet. The rotatory action was 
found to be aiwayi* directly prupurtioaal to the intensity of the 
magnetic force, but not to that of the electric current ; and also 
to be proportional to the length of that portion of the ray which 
receives the inflaenc& The interposition of substances which 
occasion no disturbance of the magnetic forces, produced no 
change in these effects. Magnets consisting only of electric helices 
acted with le'^s power than when armed with iron, and in which 
magnetic action was consequently more strongly developed. The 
author pursues the inquiry by varying, in a ;^reat number of way<>, 
the circumsitances in which this newly -discovered intiuence is 
exerted, and finds that the modifications thus introduced in the 
results are all explicable by reference to the general law above 
stated. Thus the eflfeet is produced) though in a less degree, 
when the polarized ray is subjected to the actkm of an ordinary 
magnet, instead of one that derives its power from a voltaic cur- 
rent, and it is also weaker when a single pole only is employed. 
It is, on the other hand, increased by the addition of a hollow 
cylinder of iron placed within the helix, the polarized ray tra- 
versing its axis, being then acted upon with great energy. He- 
lices act with equal power in any part of the cyliudric space 
which they indose. The heavy glass used in these experiments 
was fimnd to possess, in itself, no specific magneto-inductive 
action. Diflferent media differ extremely in the £gree in which 
they are capable of eierting the rotatory power over a polarized 
ray of light. It is a power which has no apparent relation to the 
other physical properties, whether chemical or mechanical, of 
these bodies: yet, however it may differ in degree, it is always 
the same in kind ; the rotation it effects is invariably in one di- 
rection, dependent, however, on the direction of the ray and of 
the magnetic fierce. In this respect it difibrs essentially from the 
rotatory power naturally possessed hy many bodies, such as quarts, 
sugar, ml of turpentine, &c.,' which exhibit the phenomena of 
circular polaiisatbn, for in some of these the rotatton takes place 
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to the right, ami in others to the left. When* therefore^ tueh 
suhetances are employed as dimagnetiei^ the natural and the 
aaperindiioed powers tend to produce either the same or oppodte 
rotationa» and the resulting effects are modified according as they 
are cumulative in the former c9«?e, anrl differential in the Litter. 
In the concluding; section of the paper the author enters into 
general considerations on the nature of the newly-discovered 
power of electricity and magnetism over light ; and remarks tliat 
all these powers possess in cononnon a duality of character which 
eonstittttes Aem a peculiar das^ and tSSom an opening which 
before was wanting for the appliance of these powers to the in- 
vestigation of this and other radiant agsndes. The phenomena 
thus brought to light confirm the views entertained by the author 
relative to the constitution of matter as being spheres of power, 
for the operation of which the conception of a solid nucleus is not 
necessary, and leads to the presumption that the influence of 
magnetism on bodies which exhibit no magnetic properties, con- 
sists in producing in them a state of electric tension tending to a 
enrrent ; wlule on iroo» nickel, and other bodies snsesptibte of 
magiaetisni, currents are actuslly established by the same in- 
fluence. 

Hie author stated tlut lie was still engaged in the prosecution 
of theie ini|uiries» 



Digitized by Google 



INDEX TO VOLS. II. AND III. 



N.6. The Roman numerals refer to the volume^ and the Arabic toth c page. 



A. 

Aberration of light, ii. 7SL Spherical 
aberration caused by mirrors, 31^ 
By lenses, ^ Chromatic aberra- 
tion, sa. Circle of. Mm. 

Absorption of light, ii. iL 8L Of 
heat, 112. 

Achromatic prism, ii. Lenses, 

Aeolipile, ii. 231. 

Aerial electricity, iii. 173. 

Air thermometer, ii. l-'^lt 

Alcarazzas, ii. 212. 

Amalgam for the rubber of an elec- 
trical machine, iii. 2SL Amalga- 
mating the zinc in ft hydro-elec- 
trical battery, 8(L 

Ampdre's electro-dynamic law, iii. 
123. Electro-dynamic apparatus, 
ifli Solenoid, Theory of 

magnetism, 20L Rotating appa- 
ratus, 21iL 2LL 

Anamorphoses, catoptric, ii.4Q. Di- 
optric, 56. 

Anion, iii. I2L 

Anode, iii, 12L 

Aperture of lenses, ii. 5&, 

Armature of a natural magnet, ii. 26^ 
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Athernianous, ii. 174. 

Atmosphere, magnetic, ii. 2Z2< Elec- 
trical, iii. HL 

Atmospheric engine, ii. 23iL 

Atomic weight and specific heat, ii. 
190. 

Attraction, magnetic, ii. 201. Elec- 
trical, iii. II, Electrodynaraical, 
193. Between magnets and elec- 
tric currents, 2D6. 

Axis, of a spherical mirror, ii. 3(L 
Of a lens, Of double refraction, 
21. Of a magnet, Magnetic 
of the earth, 294. 
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Barometer-guage, ii. 22L 243. 
Bath, electrical, iii. 65. 
Battery, electrical, iii. 4iL Voltaic, 
83. Constant, 133. 



Boiler, ii. ST. 242. 

Boiling point, ii. 204. Of different 
liquids, 205. Of saline solutions, 
2i^ Variations in, 2(lfL On the 
thermometer, IM. How deter- 
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Calorimeter, ii. Ififi. Rumford'i, IM. 
Camera obscura, ii. 1£L Lucida, 4fi. 
Capacity for Heat, ii. 182, 
Cathion, iii. 12L 
Cathode, iii. 12L 
Catoptrics, ii. 2L 
Caustic curreft, ii. 31. 
Charge, electrical, iii.3S. 
Chemical theory of electricity, iii. 
141. 

Coercive force : — molecular resist- 
ance, ii. 274. 
Cold, produced by freezing mixtures, 

ii. 200. Greatest degree of artifi- 
cial, 2QL Natural, 202. Caused 
by evaporation, 211. By electrical 
currents, iii. 170. 

Collector, electrical, iii. 5(L 

Coloured rings: — Newton's, ii. 94. 
Nobili's, iii. 131. 

Colours, prismatic, ii. 23. Different 
refrangibility of, 73. Primary and 
secondary, ^ . Complementary, 
82. Objective, 87. Figments, the- 
ory of, aa. Affected by interfer- 
ence, 93. By reflexion, 94. By 
diffraction, SS. By polarization, 
liiiL Entoptic colours, 112, Sub- 
jective, 122. 

Combustion, by means of electricity, 

iii. fil. im. 
Commutator, iii. IM. 
Compass, ii. 276. 

Compe n s ation. pendulum , Harrison 's, 
Graham's, ii. 1^ 

Complementary colours, ii. 82. In 
polarized light, UiL In accidental 
colours, 122. In coloured sha- 
dows, 124. By double refraction, 
124. 

Concave lens, li.5fi.G2* 
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Concave mirror, ii. 29. 

Condensation of steam, ii. 21iL 

Condenser in a steam engine, ii. 23^ 
245. Electrical, iL 4IL Peclet'a 
double, 51^ 

Conducting power, electrical, iii. 
Of solids, or liquids, Af- 
fected by state of agerepation, 
iiZ. Laws of, Tliermal, of 

solids, ii. LZa. Of liquids, m Of 
gases, 180. Application of the un- 
equal thermal conducting power of 
bodies, 181. 

Conduction of light, — insulation, ii. 
5. Of heat, 122. Of magnetism, 
270. Of electricity, iii. 5. 

Conduction, resistance to, Ui. IL 

Conductors of electricity, iii. 2L 
Of heat, ii. 178. 

Contact electricity, — galvanic or vol- 
taic electricity, iii. GiL Electricity 
by contact of heterogeneous solids, 

. fiL Volta's fundamental experi- 
ment, 62a Galvani's fundamental 
experiment. 2(L Electromotive 
force, 2!L Electricity generated by 

; contact of solids and liquids, 12. 
Of liquids with liquids, 24. Polar- 
ization of the metals, 25^ Differ- 
ence between frictional and contact 
electricity, 24^ Intensity of the 
current, on what it depends, 96. 
Magnitude of the electromotive 

. force, 96. Retarding force, 9iL 
Difference in conducting power, 67. 
Resistance to conduction, 22^ To 
transmission, 08. Reduced length, 
99. Total resistance in a battery, 
liKL Ohm's law, liKL Effects of 
hydro-electric currents, magnetic, 
1111. Luminous, IM. Thermal, 

110. Application of to blasting 
mines, 112. PhysiologicaU 
Chemical, UiL Laws regulating, 
120. Electro-chemistry and electro- 
chemical classification of bodies, 
I2L Faraday's laws of electrolysis, 
12L Action of the electrolytes in 
the battery, 132, Intensity of the 
current, how measured, 140. The- 
ories as to the nature and origin of 
electricity, L4fi. 

Convex lens, ii. 5fi. 

Convex mirror, ii. 29^ 

Copper sheathing of ships, how pro- 
tected, iii. 139. 

Cross in polarized light, ii. IKL 

Cryophorus, ii. 214. 

Crystals, change in their volume 
caused by heat, IL 15L Electrical, 

111. l5iL 
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Daguerreotype, ii. 142. 
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Decomposition, chemical, by electri- 
city, iii. 6fi. 120. 124. 
Deflagrator, iii. 86. 
Density of water, ii. lilS. Of steam, 

211. 

Depolarization, electrical, Iii. 1^ 
Dew-point, ii. 23L 

Diathermanous, ii. 174. 
Differential thermometer, ii. 151, 

Magnetic, iii. 162. 
Digester, Papin's, ii. 20L 25^. 
Dioptrics, ii. 41. 

Dip of the magnetic needle, ii. 278. 

Variation in, 280. 
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iii. 2m. 

Discharger, electrical common, and 

Henly's universal, iii. 44. 
Dispersion of light, ii. &L 
Distillation, ii. 21fi. 
Double refraction, it 6L 
Dynamometer optical, ii. IMx 
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Earth, flattened figure of, ii. 259. 

Eel, electrical, iii. IM. 

Electrical machine, iii. ^ Effects 

Eroduced by, M. Armstrong's 
ydro-electrical machine, Ihh^ Gal- 
vano-magnetic machine, 237. Mag- 
neto-electrical, 239. 
Electricity, iiL L Different methods 
of exciting, 2- By friction, see 
Frictional Electricity. By contact, 
tee Contact-electricity By heat, 
see Thermo Electricity. By elec- 
trical currents, see Electro-dyna- 
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Electricity. By changes in the 
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By the vital process, IBa. By 
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Resistance to conduction, 5. ^ 
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electricity, 2. Tension, "L Laws 
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49. Duration of the electric light, 
48. Electricity by induction, 10. 
Electric telegraph, 25-i. 
Electro-chemistry, iii. 123. 
Electrode, iii. 121. 
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of currents on each other, 193. 
Ampere's law, 193. Parallel cur- 
rents, 193. Currents not parallel, 
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rents, 2QL Solenoid, 205. In- 
fluence of magnets on electric cur- 
rents, 2Mx Of a solenoid, 2QL 
• Ampere's theory of magnetism. 
Rotatory movements by mag- 
nets and electric currents, 2SB^ 
Law of tlie action of electric and 
magnetic currents, 190. 206. In- 
fluence of terrestrial magnetism on 
electric currents, 216. Electric 
dipping needle, 218. E lectric varia- 
tion needle, 2JL1L Influence of the 
current of terrestrial electricity on 
magnetic needles, 22(L Rotation 
excited by terrestrial magnetism, 
221. Inductive influence of elec- 
tric currents, 221L Primary and 
secondary currents. Duration 
and direction of secondary cur- 
rents, 223. Diff"erent eff'ects of in- 
duced currents, 232. The extra 
current, 233. Induced currents 
caused by friction electricity, 2itL 

Electro-giidine, &c. iii. 133. 

Electrolysis, iii. 12fL Faraday's 
law of, 13L Theory of, 12L 

Electrolyte, iii. 12IL 

Electro-magnet, iii. 223. Ritchie's 
rotating. 22<L 

Electro-magnetism, iii. ISL Oer- 
sted's discoveries, 187. Deflection 
of the needle, on what dependent, 
132- Electro-magnets, 22iL Laws 
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power, 225. Great suspensive 
power of, 22(L Ritchie's rotating 
electro-magnet, 226^ Electro-mag- 
netic machines, 22a. Electro- 
magnetism applied to telegraphing, 
• 2M. 

Electrometers, iii. 12. Cavallo's, 
Rennet's, Volta's, 13. Henley's, 
Brande's, Coulomb's torsion-elec- 
trometer, 14. Oerstedt's, IS* 
Bohnenberger's and Becquerel's, 
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Electromotive force, iii. ZQ. 

Electromotor, iii. ZfL 

Electrophorus, Iii. ftL 

Electroscope, iii. 12. The electri- 
cal pendulum and the electrical 
needle, 13. 

Electrotonic, iii. 230. 

Emanation theory, ii. 3< 

Emissive force, if. ISSl 

Expansion of bodies by heat, ii. 14.S. 
Of solids, IML Liquids, gases, ISHL 
Steam, 164. 

Eye, structure of, ii 111. 
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Fata Morgana, ii. 50, 
Feed-pipe, ii. 242. 
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Figures, Lichtenberg's, iii. 56- No- 

bili's, 131, 

Floating apparatus, De la Rive's elec- 
tro-magnetic, iii. IM. 2Qa. 

Focal distance, ii. 3JL 5S. 

Focus of a concave mirror, ii. 31. Of 
a convex mirror, 20^ Of a convex 
lens, 5S. Of a concave lens, 62. 

Four- way cock, ii. 243. 

Fraunholer's spectrum, ii. Tfii 
j Freezing mixtures, ii. 2DQ. 

Freezing of water by evaporation, 

11. 213. 

Freezing-point, ii. 148. Of different 
liquids, 203. 

Frictional electricity, iii. KL Fun- 
damental eflccts of, and experi- 
ments, LL Vitreous and resinous 
electricity, 12^ Electrical series, 

12. Use of conductors and non- 
conductors, 7iL Insulation and 
loss of electricity, 22. Induction 
of electricity, 24. Latent elec- 
tricity, 2(L Difference between 
conduction and induction, 2iL 
Electrical machiue, 22. Apparatus 
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current, 45. 4L Duration of the 
spark, 4L 42. Experiments ; gene- 
ration of motion, 54^ Positive and 
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phenomena, 51. Phosphorescence, 
5a. Mechanical eflTects, 52^ Ther- 
mal, flL Magnetic, M. Physio- 
logical, (15. Chemical, 66. Sources 
of frictional electricity, fiL 

Fulgurites, iii. LZ^L 
Fusion, point of, ii. 12fL Of the me- 
tals, 126. 
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Galvanism, see Contect-electricity. 
Galvanometer, iii. IQA^ Jacobi's, 

105. Scbweigger's, IQSl Nobili's 

106. 

Gases, capacity of, for heat, ii. l&iL 
Geotherraometer, ii. 252. 
Gold-leaf electrometer, ill. 12. 
Governor, ii. 24fi. 
Gridiron pendulum, ii. 1^ 
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Heat, ii. 143. Different effects of, 
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Theories as to its nature, 145. 2112. 
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of bodies. IAjL Instruments for 
measuring, 147. Expansion of 
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solids, 1^ or liquids, 1£2. Of 
ga^es, 164. Propagation of heat, 
167. By radiation, IGiL Decrease 
in its intensity, Ifia. Velocity of, 
Ifia. Emission, 169. Reflexion, 
170. Absorption, 172. Transmis- 
sion, 174. Refrangibilitv, LZ5. 
Polarization, double refraction, 
and interference, 177. Heat pro- 
pagated by conduction in solids, 
178. In liquids. 179. In aeriform 
bodies, 180. Capacity for heat, 
lai. Methods of determining, 1S5. 
Relation to atomic weight, UK). 
Variation in the capacity, laL 
Causes of, 193. Causes which 
induce a change in the form of 
aggregation, IM^ Fusion or melt- 
ing, ia5. Solidification, 202. Ebul- 
lition, Vaporization, 21IL 
Vapours and steam compared with 
the permanent gases. 21fi. Hy- 
grometry, 229^ Application of 
steam, 'iii. Sources of heat, 255. 
Sun's rays, 255. Change in form 
of aggregation, 2')7. Terrestrial 
heat, 25iL Animal heat, 2fUL Me- 
chanical means, 261 . Electricity, 
259i iil. 6J- 110^ 233. 243. Light 
and heat compared, ii. 202. 

Heights, measurement of, by ther- 
mometer, ii. 207. 

Heliography, iL lii 

High-pressure engine, it. 233^ 

Horse-power, ii. 250. 

Hydro-meteors, ii. 21fi, 

Hygrometer, ii. 229. Saussure's, 
230. Le Roy's 231. August's 
psychrometer, 232. 

Hygroscopic substances, ii. 220^ Pe- 
culiar applicatioa of, 233. 



L 

Iceland spar, ii. fiS. 
Image, physicial or aerial, ii. 3i. 60. 
Of objects on the retina, 

Imponderable bodies, ii. L 
Incidence, angle of, of a ray of light, 
ii. 12. 

Indifference, point of electrical, iii. 

24. SSL Magnetic, ii. 270. 

Inductive influence of electrical cur- 
rents, see Electrodynamics. 

Insulating stool, iii. 35.. 

Insulation, ii. 3. 

Intensity of luminous bodies, ii. 15. 
Interference of waves of heat, ii. 177. 

Of light, 92. 
Ions, iii. liiL 
Isoclinic lines, ii. 280. 
Isodynamic lines, ii. 286. 
Isogonic lincs,iii. 277. 
Isothermal lines, ii. 2^ 



K. 

Kaleidoscope, ii. 2L 

Keeper of a magnet, ii. 296. 314. 

Kite, electrical, iii. 174. 



L. 

Leidenfrost's phenomenon, ii. 205^ 
244. 

Leyden jar, iii. 41. Lane's, 41. 

Light, ii. 3. Theories as to its 
nature, 3. Luminous bodies, 4^ 
Propagation of light, 8. Theo- 
retical explanation of, 9. Inten- 
sity of, 13. How measured, L4. 
Absolute intensity, I^ Velocity, 
la. Reflexion, 2J. Theory of, 23. 
Quantity of light reflected, 4iL 
Refraction, 4L Theory of, 4iL 
Astronomical and terrestrial re- 
fraction, 50. Double refraction, 
67. Unequal refrangibility of dif- 
ferently coloured light, 72^ Re- 
composition of white light, 80. Sa. 
Absorption and decomposition, SZ^ 
Explanation of, 90. Interference, 
92. Diffraction, 96. Polarization, 
Vision, 111- Optical instruments, 
125. Chemical effecU of light, 
139. Daguerreotype, 142. Mag- 
netic effects of light, 139. 312. 
Electrical, iii. UO^ Light without 
heat, ii. 25Z. Light and heat com- 
pared, 2fi2« 

Light, duration of the impression of, 

ii. 122. 

Light, Drummond's, ii. IL 
Light, rays of. il. 8. Coloured, 73^ 

Chemical. 139. 
Lightning conductor ssparatonuere, 

iii. 179. 
Loadstone, ii. 26& 



M. 

Machine, electrical, iii. Cylinder, 
aiL Plate, 31 . Rotatory, 22fi. 239. 

Magnets, natural and artificial, ii. 
266- Attraction and polarity of, 
265. 225. Poles and axis, 26iL 
Anomalous magnets, 2f^ Satu- 
ration, 297. Magnetic properties 
of steel, 297. Loads carried by 
magnets, 306. How to calculate, 
307. Magnetic intensity, how 
measured, 308. Magnetic virtue, 
how strengthened or impaired, 
314. Ampere's solenoid, lii. 205. 
Effect of an electric current -on a 
magnet, 13U. Oersted's discovery, 
190. Influence of a magnet on an 
electric current. 2Q£l. Rotation, 
209. Produced by electric cur~ 
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rents, 22L Temporary or electro- 
magnetism, 221. Excites electric 
currents, 234. 216. 
Magnetism, ii. 205. Transmitted 
through almost all bodies, 267> 
Like poles repel, unlike attract, 
2fi2> Conduction, Induction, 
271. Theory, 213. Terrestrial 
magnetism, 275. Formation of 
artificial magnets, 298. Magnetic 
influence of light, 312. Magnetism 
imparted by tlie electric current, 
lii. 21L 

Magnetic needles, ii. 2f>(i. Mariner's 
compass, 276. Dipping-needle, 
278. Astatic needle. 28.5. 

Magneto-electricity, ill. 22iL Excita- 
tion of electric currents by mag- 
nets, 23'i. Laws of magneto-elec- 
tric induction, 236. Magnetic in- 
duction machine, ^SL. Magneto- 
electric rotating machines, 23iL 
Currents excited by terrestrial 
ma^etism, 2ii. By rotating mag- 
netism, 24.5. 

Magnetometer, Gauss's, il. 289. 

Magnifying glass, ii. 6L. 

Meridian, magnetic, IL 275. 

Metallic thermometer, ii. 1.5.5. 

Microscope, single, ii. 15fL Magni- 
fying power of, l2iL Compound, 
m< Dioptric and catoptric, 129. 
Magnifying [power of, 130. Solar 
and oxy-hydrogen microscopes, 

m 

Mines, blasting of, iii. 112. 
Mirage, ii. 52. 

Mirrors, different kinds of. IL 22- 
Plane, 24* Concave, 2lL Convex, 
29. Cylindrical and conical, 4iL 

Motion, electro-chemical, iii. 139* 

Multiplier, Schweigger's, iii. 
Fecnner's thermo-electric, Ifil . 

Myopia and presbyopia, ii. 



N. 

Non-conductors, iii. 3* 
Non-electrics, iii. 

Northern lights, iii. Ifl2. Electrical, 
AS. 



O. 

Object glass, ii. m. 132. 13^ 
Ohm's laws, iii. ISHL 
Optics, ii. & 
Ozon, iii. fi^L ] 

P. 

Papin's digester, ii. 2S!L 239* £5&. 
Parallax, angle of, ii. 1^ 



Paratonnere, iii. 180. 

Penumbra, ii. 12* 

Perkins's steam-gun, ii. 24fi* 

Perpetual motion, electrical, iii. 92.. 

Phosphorescence, ii. h. 

Photography, ii. 142* 

Photometer, Rumford's, ii. 11* 
Ritchie's, 14* 

Pile, hydro-electric, iii. 25* Voltaic, 
78. Dry, 91* Used as an electro- 
scope. IL 92* Secondary, 93* State 
of tension, 113* 

Platinum, spongy, used as a pyro- 
phorus, ii. 25&. 

Polariscope, ii. 22i 

Polarity In magnets, ii. 2ffl* Mag- 
netic of the earth, 275. Induced 
by electricity, iii. 24. In electrical 
batteries, 89* In electrical crystals, 
159* 

Polarization of light, ii. 92x Perfect 
and imperfect, 9!L Plane of po- 
larization, liM, Plane of vibration, 
99. Light polarized by reflexion, 
UlL By refraction, 11)3- Ex- 
planation of, 1Q4- Light polarized 
by double refraction, IQL Colours 
of polarized light, Entoptic 
chromatic figures, LID* 

Polarization, electrical, iii. 75. 

Polemoscope, ii. 26* 

Poles, magnetic, ii. 268* Like and 
unlike, 26IL Of the earth, 277. Of 
a battery, iii. gl* Of a solenoid, 
205. 

Prevost's theory, ii. 122* 
Principal axis, ii. 22* Do. ray, 32. 
57. 

Prism, 11. 54* Achromatic, S^L Of 

Iceland spar, \Q&, 108^ lliii*. 
Psychromcter, ii. 232. 
Pulse-glass, ii. 2(HL 
Pyrometer, ii. 15iL 
Pyrophorus, ii. 2M* 



Quadrant electrometer, iii. 14. 



B. 

Radiating power, ii. Ifi9. 

Rainbow, II. 72* 

Reduction of metals by electricity, 
iii. l2iL L33* 

Reflecting telescope, 11. 131. 

Reflexion of light, il. 21. Total, 44* 
Of heat, mL 

Refracting telescope, ii. 13L 

Refraction of light, ii. 4L Explana- 
tion of, 4fL Index of, 43. .Astro- 
nomical and terrestrial, 50* From 
parallel surfaces. 53- By prisms, 
54* By multiplying glasses, 55. 
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By convex lenses, 52. By concave 
lenses, fi2. Double, 6Z. Of coloured 
light, 2a.. Of polarized light, lUa. 
Of rays of heat, 12iL 
Relative heat, ii. 

Repulsion caused by heat, li. lih^ 
Magnetic. 2filL Electric, iii. tL 
Electrodynamic, IM^ Between 
magnets and electric currents, LSI. 
2QfL 

Retina, ii. 113^ 

Rotating machine, electrical, iii. 239. 

Rotation of the electric current, iii. 
201^ Owing to terrestrial mag- 
netism, 22L Of an electric current 
about a magnet and vice versa, 
2QiL Of a magnet about its axis, 
2LL Of liquids, Electro- 
chemical, 139. 



S. 



Saturated condition of aqueous va- 
pour in the atmosphere, ii. 222^ 
•Sea, temperature of, li. 129^ 
Series, electrical, iii. 19. Electro- 
motive, IL Thermo-electric, 161, 
1112. 

Sextant, il. 2a. ' 

Shadow, ii. LL Umbra and penum- 
bra. 12. Coloured shadows, 124. 

Sight, field of, ii. 132. 

Solar heat, il. 2a&. . ^ 

Solar light, its intensity, li. 11^ Dis- 
persion of, 23. 

Solar microscope, ii. 130. 

Solenoid =» electro-dynamic spiral, 
iii. 2(1^ Effect of a stable current 
on, 21>L Influence of on a move- 

• able current, 2QZ. May be re- 

' garded as a magnet, 2QL Used as 
an electrical dipping needle, 213. 

Solidification, ii. 202. 

Spark, electric, iii. 3Sx Magneto- 
electric, 22^ 243. 

Specific heat, ii. 182. 

Spectacles, ii. lliL 

Spectrum, lolar or prismatic, 11. 23. 
Curve of intensity of coloured rays, 
77. Of chemical rays, li£L Of 
thermal rays, I4IL UIL 

.Steam, ii. 2iiL Of maximum density, 
217. Density of steam, 212^ Ex- 
pansive force of, 2i^L How mea- 
sured, 21S» Effect of pressure on 
steam, 22fi. Of temperature, 22L 
Expansion in vacuo and in vessels 
filled with gases, 22a. 

Steam-engine, ii. 23fi. Principal 
parts of. 232. Single-acting, 
Atmospheric, 238. m Double- 
acting, 238. On the expansive 
principle, 23a. Low-pressure and 
liigh-pressure, 231L Condensing 



and non-condensing, 23IL Watt'« 
single and double-acting, 240. De- 
scription of a double-acting con- 
densing engine, 242. Perkins's 
steam-gun, 21fL Application of 
different kinds of engines, 
Useful effect of, how estimated, 
250. Consumption of fuel, 253- 
Steam-gauge, ii. 221 . Heating by 

steam, 253. Cooking by, 254. 
Stereoscope, ii. 1 I.t- 
Stroboscopic plates, ii. 12Q. 
Suspensive power of magnets, ii. 
305. Of electro-magnets, iii. 22a. 



T. 



Table X., Of the expansion of bodies 
by heat, ii, liifi* XI. Of specific 
and relative heat, IM. XII. Of 
the force of steam from 24° to 343** 
Fahr., 223. XIII. Of the force of 
steam from 1 to 5a atmospheres, 
225. XIV. For determining the 
intensity of hydro-electric cur- 
rents, iii. 142. Intensity of the 
light imparted by the sun to the 
planets, li. KL Indices of refrac- 
tion, 44. Lengths of the waves of 
light, 90. Indices of the expansion 
of gases, Radiation of heat, 
170. Reflection of heat, L2Q, Trans- 
mission of heat, 1Z4. Conduction 
of, llii. Capacity of solids for, ISa. 
Melting point, 196. lllfi. Latent 
heat, 198. Freezing point, 203. 
Boiling point, 2U5. Of water at 
different altitudes, WL Latent 
heat of fluids, 2ML Electrical con- 
ducting powers of the metals, iii. 

Telegraph, electrical, iii. 254. 

Telescope, ii. 131. Refracting and 
reflecting, 131. Field of vision, 
distinctness of objects, magnifying 
power, I3L 138, 139. Astronomical 
telpscope, 132. Terrestrial, 133. 
Galileo's, 134. Achromatic, 13^ 
Dialytic, 130. Newtonian, 13fi. 
Hcrsrhel's, 131. Gregorian, 137. 

Temperature, mean, of the day, 
month, and year, ii. 2fi(L 

Terrestrial heat, ii. 2^ 

Terrestrial magnetism, ii. 275. Mag- 
netic declination, 275. Agonic and 
isogonic lines, 276. Magnetic 
points of convergence, 277. Dip 
of the needle, 278. Magnetic 
eouator, 280. Isoclinic lines, 280. 
Magnetic poles of the earth, 281 . 

Vis directrix," 283. Intensity, 
isodynamic lines, 28H. Intoiii>ity, 
how measured, 287. Variations 
in, 290. Periodical, 291 . Irregular, 
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293. Theories respecting, 294. 
Terrestrial magnetism owing to 
thermo-electric currents in the 
earth, iii. 170. Effect of, on elec- 
tric, currents, 2i&. On magnets, 
219. Inductive influence of, 

Thaumatrope, ii. L2Q. 

Thermal, rays, 11. 175. Spectrum, 
176. 

Thermo-electrical batteries, iii. ISSL 

I Piles 155^ 

Thermo-electricity, iti.isa. Thermo- 
electric tension, ISQ^ Current, 
1160. Effects of, Ififi. Thermo- 
electricity of the earth, IliL Origin 
of, 

Thermometer, ii. 147. Mercurial 
and spirit of wine, 147. Scales, 
149. Self-registering, liLL Air, 
151. Differential, 153. Magnetic, 
iii. IfiL 

Thermophone, ii. 264. 

Tor&iou balance, electrical, iii. 1^ 
Magnetic, ii. 307. 

Tourmaline, iii. 

Transmission of heat, ii. 174. 

Transparency, ii. fi^ 

Transverse magnet, ii. 302. 

Trough apparatus, Oersted's, iii. Z2t 
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U. 

Undulatory theory, ii. 



V. 

Voltameter, iii. 130. 



W. 

Water, importance of. in conse- 
quence of the changes in its form 
of '"Aggregation, ii. Ili9» Decompo- 
sition of, by the electric current, 
iii. 6L m. 

Waves of light, length of, ii. 90.. 

Weirs experiment on the radiation 
of heat from the surface of the 
earth, ii. 173. 

Wrede's experiment for determining 
the velocity of radiant heat, ii. 
169. 



Z. 

Zamboni's piles, iii. 9L 
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